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INTRODUCTION 
The dairy cow is recognized as an efficient converter 
of roughage into a highly desirable and nutritious food for 
human consumption. The production of milk by the dairy cow 
is the result of highly complex biological processes which 
are dependent upon an inherited productive capacity as modi­
fied by environment. Nutrition is the major environmental 
factor which exerts a definite and continuing influence on 
milk production. Because of the complexity of the biological 
processes and the variable costs of different feeds, selection 
of the optimum dietary regime is exceedingly complex. 
In pursuit of the optimum ration for the dairy cow, the 
farmer is concerned with finding the proper level of feeding 
and the best combination of various feedingstuffs to maximize 
production and/or profit. It is impossible to explore, in any 
one experiment, all the potential possibilities suggested by 
this need; however, certain aspects can be pursued in each 
study concerned with rations of lactating dairy cows. 
The present study was designed to investigate the effect 
of various hay to concentrate ratios fed at different levels 
of nutrition upon the quantity and composition of milk. A 
further objective was to estimate the effect of the variables 
imposed in this study upon the efficiency of the energy utili­
zation. The basic design was similar to that of Bloom (1955) 
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who investigated the effect of various dietaries in combina­
tion with arbitrarily established genetic potentials upon 
milk production and production efficiency. In the study re­
ported herein, certain alterations from Bloom's design were 
made in an attempt to eliminate some environmental variables 
which seemed to complicate interpretation of the effects of 
the various rations. 
Energy was the factor upon which many of the comparisons 
in this study were to be made ; therefore, this nutritional 
factor was selected as a base for evaluation of the ration 
constituents. Widely varying ratios of hay to concentrate 
were to be used in this study, therefore, the estimated net 
energy (ENE) of the feed was selected as the estimator of 
energy because it more nearly expresses the comparative value 
of the feed. 
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REVIEW OF LITERATURE 
This section will review literature relating to the use 
of various dietaries (roughage to concentrate ratios and planes 
of nutrition), the factors causing changes in milk composition, 
and the interpretation of efficiency studies in experimenta­
tion with lactating dairy cows. 
Hay to Concentrate Combinations in 
Dairy Cattle Research 
A very limited number of reports are available in which 
the combination of dietaries has been similar to those explored 
in this research. Consequently, after reviewing these few re­
ports it will be necessary to consider research which has only 
partial or indirect application to this work. 
The work reported by Bloom (1955) and Bloom ert al. (1957) 
utilized the same dietaries as were used in the present study; 
roughage supplying 75, 55, 35 and 15 percent, respectively, 
of energy of the four ratios, with concentrate furnishing the 
remainder. These ratios were offered at three planes of nu­
trition, supplying feed energy for maintenance plus 13,000, 
11,000 and 9,000 pounds of 4% fat corrected milk (PCM) over 
a 243-day lactation period. During a controlled 7-week pre­
liminary period the 36 Hoistein cows were classified into 
three ability groups (high, medium and low) and were placed 
on the experimental rations. Bloom noted a marked adjustment 
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in body weights the first 4 to 5 weeks after starting the ex­
perimental period though no significant difference in body 
weight change was noted the remaining twenty-two weeks of the 
experiment that could be attributed to treatment. The vari­
ous diets (ratios) at each level were calculated to be iso-
caloric (ENE basis above maintenance), however, there were 
some differences in energy consumption because many cows as­
signed to high forage diets were unable to consume the pre­
scribed amount. 
Bloom ejt al. (1957) reported a difference in F CM produc­
tion due to the ability of the animals. The difference in 
FCM production attributed to feeding level was not judged 
statistically significant ; however, although the cows on the 
high and medium feeding levels produced at a comparable rate, 
the low level of feeding resulted in 14 percent less PCM. 
Significantly less milk was produced with the high roughage 
diets which was attributed to the inability of the animals to 
consume the required energy offered in the form of hay. The 
cows in the high concentrate group (15:85) produced more milk 
than those at the 55:45 and 35:65 ratios even after production 
in the treatment period was adjusted by covariance to each 
cow's preliminary production. 
Elliot and Loosli (1959a) conducted a study with 12 
Holstein cows in which 60, 40 and 20%, respectively, of the 
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ENE requirements for body maintenance plus 45 pounds of 4% 
FCM (Morrison's standards, 1956) were supplied in the form of 
hay with a concentrate mixture supplying the remaining re­
quirement. FCM production of the groups was similar during 
the experimental period, indicating no appreciable effects 
of the ratios considered. Body weight was uneffected by 
treatment. 
Martin ejt al. (1954) conducted a study with 20 Holstein 
cows to evaluate the effect of varying the rates of hay feed 
ing within normal limits while maintaining a constant total 
digestible nutrient (TDN) intake. Alfalfa hay was fed at 
levels of 0.50, 1.17, 1.83, and 2.50 pounds daily per 100 
pounds body weight with enough additional energy being sup­
plied in a concentrate mixture to furnish 100% of Morrison's 
(1956) standards for milk production and maintenance. These 
rations had no significant effect on body weight change or 
milk production. Conclusions from these studies indicated 
that neither the TDN nor the ENE system could definitely be 
said to be superior; however, the ENE did seem to be a some­
what more consistent estimator of the worth of the ration 
over the range of hay to concentrate ratios employed. 
Morris e_t al/ (1958), in a full lactation study with 6 
trios of dairy cows, fed the following rations; (1) 80% of 
the ENE from alfalfa hay, 20% from a concentrate mixture (2) 
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60-40 and (3) 20-80, ad libitum up to 110% of Morrison's 
(1956) recommended allowances. Beginning the 6th week post­
partum, the ENE intake was reduced weekly to 99% of the pre­
vious week's intake. The production of 4% FCM averaged 25.1, 
27.2 and 30.9 pounds, respectively, for the above regimes. 
A definite increase was shown with increasing proportions of 
concentrate. After allowing for maintenance and body weight 
changes, the therms required per pound FCM were 0.34, 0.35 and 
0.40, respectively. Since the rations were fed ad libitum in 
this experiment, the level of nutrition was not held constant, 
which probably accounts for the lowered efficiency on the high 
concentrate ration in spite of the high production level. 
In a trial carried out in Denmark from 1935 to 1954 com­
parisons were made of the effects of three levels of feeding 
upon productivity, longevity, and breeding performance of Red 
Danish cows, by Larsen and Larsen (1956) using 196 animals. 
The original cows were replaced by their own progeny as ani­
mals were removed because of disease, aging or breeding diffi­
culties. Feeding levels were at approximately 82, 100 and 119% 
of the Scandinavian standard. Two different rates of hay feed­
ing were compared but this variable resulted in no signifi­
cant difference in FCM production. Underfeeding reduced milk 
yields, whereas, practically no response was obtained from 
the additional feed furnished on the high ration. Little dif­
ference was noted in the animals' productive life, although 
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breeding difficulties were slightly greater among animals in 
the group fed at the higher level. 
Pratt, (1955), in a long time study in Ohio, fed 24 
pounds of silage (pasture during the summer), hay ad libitum 
and liberal or limited grain (1 pound of grain for each 2^-
pounds milk and 1:4) to Jersey cows. As older cows were culled 
they were replaced by 2-year-old heifers. In this study, 
those cows starting on a liberal concentrate allowance de­
clined in production (assumed to be FCM although not specifi­
cally stated) consistently from lactation to lactation from 
their initial high 2-year-old record, while limited concen­
trate fed cows started at a lower level of production, equa 1er! 
the other group at the second lactation and continued to in­
crease in the subsequent lactations. Pratt (1955) also noted 
greater weight gains among the cows in the limited group, 
indicating an apparent greater consumption of hay or pasture. 
Reviews by Blaxter (1956b), Burt (1957a), J awe tz (1956) 
and Reid (1956) summarize the early experimental work in dairy 
rations wherein different planes of nutrition (energy) were 
fed. They report both long- and short-term experiments in 
which feeding at an increased plane of nutrition has resulted 
in higher levels of FCM production, but with a diminished re­
sponse for each additional increment of energy. Feeding at a 
decreased plane of nutrition has resulted in a corresponding 
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drop in FCM production, particularly after body stores were 
diminished. These results were more evident in the long-term 
experiments, especially when the treatment effects were a re­
sult of feeding at constant rates per unit of production. 
The data reported by Jensen ejfc ad. (1942) in an input-
output study involving 346 cows over a 3-year period has re­
sulted in critical evaluation by the above reviewers. Jawetz 
(1956) and Reid (1956) concluded that the data of Jensen e_t 
al. (1942) should be adjusted for body weight changes. Ad­
justment by Reid for maintenance and for body weight changes 
removed nearly half of the diminishing response (experienced 
with added increments of feed) originally reported by Jensen. 
Hansson et_ al. (1954), using identical twins on rations 
varying from below to above the recommended Scandinavian feed 
unit requirement (80, 90, 100 and 110%), noted increased FCM 
production and body weight gain with increasing levels of 
energy intake. However, when allowance was made for body 
weight changes, the milk per unit energy input declined with 
increasing energy intake. The units of energy in the milk 
per unit of net energy available for milk production ranged 
from 1.85 to 1.29 whereas one would expect a value near unity 
providing proper allowance has been made for maintenance and 
body weight changes. 
Holmes ejb al, (1956) compared rations containing starch 
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equivalents equal to 112, 117, and 125% of Woodman's standards. 
These standards are thought to be about 10% below American 
and Scandinavian standards (Blaxter 1956a, Jawetz 1956). All 
cows (Ayrshire) received a basal ration containing dried 
grass and fodder beets to which was added a concentrate mix­
ture containing about 16% digestible protein in amounts needed 
to supply the appropriate amount of energy. The cows re­
sponded with a small but significant increase in yield and a 
higher solids-not-fat (SNF) level on the two higher energy 
rations when compared to the low energy ration. 
Burt (1957c), using Ayrshires, Milking Shorthorn and 
Holstein cows in five separate winter experiments, obtained a 
response in milk yield when additional energy intake, up to 
135% of Woodman's Standard, was supplied in the form of concen­
trates. The response per added increment of feed tended to 
diminish as feeding level rose. Limited substitution of hay 
for concentrates on a starch equivalent basis had no effect 
upon milk production. 
No appreciable difference in FCM production or fat test 
was observed by Putnam and Loosli (1959) which could be at­
tributed to the effect of feeding rations composed of 60, 40 
and 20%, respectively, of roughage. The respective roughage-
concentrate ratios, calculated on a dry matter basis, were fed 
ad libitum and resulted in increased energy consumption with 
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increasing portions of grain in the ration. There was shown 
a decreased efficiency of utilization of TDN for FCM produc­
tion as TDN consumption increased (higher concentrate ratios). 
The authors postulated that this decrease in efficiency was 
not due to the change in the ratio, but probably was a re­
sult of the increase in the plane of nutrition. 
In a reversal-type study using a 4 x 4 latin square, 
Loosli and Putnam (1958) fed hay alone, 75% hay and 25% 
concentrates, 50-50 and 35-65 calculated on a dry matter basis. 
Feed intakes were about the same on the three rations which 
included concentrates, these being higher than with an all 
hay ration. On the all-hay ration, significantly less milk 
was produced than on rations containing added grain. A gradu­
al lowering of fat test was evident as level of grain in the 
ration increased. In another trial in which corn silage was 
included in the roughage fraction at a constant ratio, the re­
sults were similar except that the fat percentage did not de­
crease as grain intake increased. 
Recently, it has been observed that cows fed an all-
roughage ration following calving eventually reach a plateau 
in milk production, the level dependent upon the roughage 
capacity of the animal, at which intake and output are in 
balance. Replacement of part of the roughage with concen­
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trates on an equivalent TDN basis results in an increased 
milk flow according to Huffman ejt aJL. (1952a, b) and Huffman 
and Duncan (1952), which has been interpreted as evidence of 
a lactation stimulating factor which is deficient in hays, 
particularly mature hays, but is present in grain. Moore ejt 
al. (1953), Saarinen et ad. (1951), Irvin e_t zd. (1951) and 
Loosli et. al» (1955) believe this increased production can be 
explained on the basis of an increased energy intake from the 
grain, since the TDN of hay is recognized as having a lower 
productive energy value than TDN of grain. Estimating the 
value of the roughage and grain on an ENE basis resulted in a 
much smaller increase or no increase ; therefore, these workers 
tend to discount the unidentified nutrient theory. Data of 
Loosli and associates (1955) did not explain completely the 
increase in yield when the feeds were evaluated on an ENE 
basis, which leaves a question as to the accuracy of ENE as 
the absolute evaluator of feeds. Teichman ejt aly (1958) com­
pared responses obtained when 10 pounds of hay were replaced 
by a concentrate mixture in an all hay or 80% hay-20% concen­
trate basal ration. He found no significant response when con­
centrate replaced the hay in the 80% roughage ration on either 
the TDN or ENE system of evaluation, whereas both systems of 
substitution gave a response on the all roughage ration al­
though the response on the TDN system was of a greater magni­
tude. This leads to continued speculation of unidentified lac­
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tation factors or some special associative value of these 
feeds. 
Burt (1957a) reported personal communication from Logan 
and Haskill describing an experiment in which normal and high 
protein (100 and 150% of the National Research Council (NRC) 
(1956) standards) and low and high energy (75 and 125% of NRC 
(1956) standards) were fed in various combinations. Mean 
milk yields were 33.0 and 30.5 pounds per cow per day for the 
high and low energy rations, respectively, and 32.4 and 31.0 
pounds for the high and normal protein rations. These differ­
ences were interpreted as being significant in both cases. 
Burt (1957a) also reported unpublished data of Bartlett and 
Rowland which compared normal rations to those providing 75% 
of the theoretical energy needs and 60% of the protein require­
ment. "Appreciable" reductions in milk yields were shown with 
the deficient rations, particularly the one deficient in ener­
gy. However, Burt (1957a) states that appreciable variations 
in protein intake from the normally recommended levels have 
practically no effect upon milk production. 
A series of winter feeding experiments, reported by 
Holmes et aJL. (1956) and Reid and Holmes (1956) showed that 
altering the level of digestible protein in the ration from 10 
to 17% had no effect on milk yield, whereas altering the energy 
level had significant effects as reported previously in this 
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review. 
Nutritional Factors Affecting Milk Composition 
In most early experiments attention was directed mainly 
to milk yield and fat content. The relative constancy of the 
fat and solids-not-fat (SNF) content of the milk from cows' 
eating rations containing large amounts of roughage with con­
centrates used to supply added energy, left the impression 
that feeding has little effect on milk composition. However, 
in recent years a shift in breed numbers, a declining demand 
for milk fat, and an interest in directing more attention to 
SNF in determining the market price of milk, have stimulated 
interest in the SNF fraction of milk and the experimenter has 
developed renewed interest in the relationship of nutrition of 
the animal to the level of SNF components. The nutritional 
factors which have been investigated are concerned largely 
with the plane of nutrition and its effect upon fat and SNF 
percentage. Literature related to nutrition and other factors 
which are involved in the design.employed in the present study 
will be reviewed insofar as they affect milk composition. 
Balch ejt al. (1952) reported instances of herds in England 
producing milk with an unusually low fat content during the 
winter season, apparently due to inadequate roughage in the 
diet of the cows. Similarly, Powell (1938, 1939), Loosli et 
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al. ( 1945) and Stoddard ejt al.. (1949) observed a reduction in 
milk fat content when hay was restricted to 5-6 pounds per cow 
per day. When low fiber rations were fed by Becker and co­
workers (1955) at the Florida station, the fat percentage was 
depressed. Using a 4-week experimental period, Balch et al. 
(1952) fed roughage at levels of 6 and 2 pounds per cow per 
day. These treatments caused a significant drop in the fat 
content of the milk when compared to the normal rations, al­
though the SNF was unaffected. Shaw ejt al. (1959) on the other 
hand experienced only slight, nonsignificant depressions in 
fat content with Guernsey and Jersey cows when hay consumption 
was reduced to 3 and 4 pounds per day and fed with a standard 
herd ration composed largely of cereal grains. Changing to 
rations in which the concentrate portion provided a high intake 
of readily available starch caused a marked drop in fat con­
tent when reduced amounts, [Balch et al. (1955)J, and normal 
levels, [Shaw and coworkers (1959)], of hay were fed. Ensor 
et al. (1959) reported a marked drop in fat content of the 
milk when 4 pounds of heated corn were added to 28 pounds of 
ground pelleted hay, whereas use of long hay, even in reduced 
amounts (6 pounds/day), with heated corn did not appreciably 
change the fat content from those experienced with a normal 
ration. Balch e_t al_. (1954b) also found that grinding the 
roughage, even when it comprised 40% of the ration, reduced 
the milk fat content. Shaw et al. (1959) and Ensor and co-
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workers (1959) reported the drop in fat percentage was accom­
panied by a decrease in the proportion of acetic and a rise 
in the proportion of propionic acid in the rumen contents. 
In one instance Balch et. (1954c) reported a rise in 
SNF, due primarily to a rise in protein content, when the corn 
in the ration was increased markedly and the hay was reduced. 
This is in sharp contrast to Powell1 s (1939) report that SNF 
varied in the same manner as the fat on low roughage diets. 
Shaw ejt al. (1959) reported no significant variation in the 
SNF level of the milk as a result of the amount of roughage 
or type of concentrate fed. 
Peters et. iii* (1959) studied the effect of level of fiber 
in the ration on milk composition, employing two rations of 
equal ENE, one of which had 65% more crude fiber and 14% more 
dry matter than the other. In a reversal trial over two 4-
week periods, Holstein and Jersey cows produced milk contain­
ing a significantly higher percent of SNF and fat when consum­
ing the high fiber ration. 
Rowland (1946) investigated the effect on milk composi­
tion of dietary energy and protein deficiencies. A ration 
with 25% less energy than normal reduced the SNF content of 
the milk from 8.7% to 8.3%, whereas 40% less protein reduced 
the SNF to only 8.5%. In both instances the change in the pro-
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tein fraction of the milk was most noticeable although lac­
tose was slightly depressed. 
Holmes et. jii» (1957), in winter feeding experiments, al­
tered the energy level by feeding additional concentrate, 
thus changing the ratio of concentrates to roughage as well as 
the plane of nutrition. Four cows were employed at each of two 
different productive abilities in a balanced latin square in 
which carryover effects were considered negligible by the 
authors. All cows were fed roughage ad libitum; grain was fed 
at 4 levels (no concentrate, 1 pound concentrate per 5.2, 2.6 
and 1.7 pounds of milk produced) based upon a pre-experimental 
production period. The treatment effects over the 4-week 
experimental period were presumably due largely to the effect 
of plane of nutrition which ranged from 97 to 131% of Woodman's 
starch equivalent standards. The mean percentage SNF increased 
with increasing levels of energy consumed while fat percentage 
was not affected. A somewhat greater response was noted from 
the higher yielding cows although the difference was not sig­
nificant. The increase in SNF between the low and the medium 
energy level was due to an increase in the protein content of 
the milk, whereas the shift to the high energy ration resulted 
in a rise in lactose as well. 
Burt (1957c, 1957d),using 3- and 4-week experimental 
periods, observed statistically significant increases in SNF 
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percentage with increasing levels of energy intake in two 
trials ; however, in two other trials the trends were in the 
same direction but were not statistically significant. It ap­
peared that cows with an inherently low SNF percentage tend 
to respond the most. No effect was noted on fat percentage as 
a result of added energy in the ration. 
Castle and coworkers (1958, 1959) employed different 
qualities of hay and different energy levels in the grain, 
combined with 2 levels of grain feeding, to obtain rations 
with increasing increments of energy from about 100 to 140% of 
Woodman's standards. This rise in energy intake resulted in a 
rise in SNF content, noted as a rise in the level of protein 
in the milk. The added energy also resulted in an increase 
in milk production. There was no effect of energy level on 
the fat content of the milk. 
Bonnier ejfc aJL. (1948), using monozygous twin cattle fed 
at a high and at a low intensity, concluded that difference in 
milk composition due to genetic influence was much greater 
than differences attributable to feeding levels, even when the 
differences in the latter were large. One must recognize, 
however, that these genetic differences resulted from animals 
with widely varying genetic backgrounds when compared to ob­
servations made on animals within a closely bred herd. 
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In an experiment mentioned previously in this review, 
Hansson and coworkers (1954), using identical twins, detected 
a rise in the protein content of the milk though no change was 
apparent in the fat or lactose percentages as the plane of nu­
trition rose from 80% to 100% of the established Scandinavian 
standard. 
Griffiths and Featherstone (1957) analyzed milk from 
several herds in an area noted for producing milk with a very 
low SNF and fat percentage. Increasing the plane of nutrition 
on one animal of several selected pairs showed no apparent 
change in SNF percentage during a 6-week period, indicating 
that cows with an apparently inherent low potential for the 
percentage of milk solids are not readily affected by nutri­
tional changes. 
Balch ejt al. (1954a), while studying the effect of rough­
age level on the percent fat in the milk, found that increas­
ing the protein content of the ration would not prevent the 
drop in fat percentage, although the decline appeared to de­
velop more slowly when the ration contained a high level of 
protein (22% protein); Rowland (1946) found a 0.2% drop in the 
SNF percentage when the protein level of the diet was reduced 
by 40%. 
Holmes et al. (1956) investigated the effect of differ­
ent levels of protein (13.3 to 20.3% crude protein) at constant 
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energy levels and found no difference in milk production or 
composition. However, when the energy level was varied, the 
higher levels of energy resulted in higher SNF and a drop in 
fat content of the milk. The rise in SNF was due almost en­
tirely to an increased protein content. 
Rook (1953) reported no change in milk composition as a 
result of feeding a higher level of protein over a 32-day 
period which could not be accounted for by the added energy. 
Supplementation of the rations with energy increased the SNF 
content in the form of an increase in the protein fraction. 
Evidence presented by Campbell et. al* (1955) indicates 
that much of the SNF variation is attributable to genetic 
makeup of the animal and is easily influenced by breeding. 
Underfeeding before and/or after parturition sharply reduces 
milk production and the SNF content of the milk. Returning 
cows to normal rations, however, quickly returns the SNF per­
centage to normal levels. 
In a review of the effect of nutrition on milk produc­
tion and composition, Burt (1957a) and Blaxter (1950) indicate 
that changes in the energy content of the ration have little 
effect on milk fat percentage though Blaxter says prolonged 
underfeeding may cause a decline, whereas short periods of un­
derfeeding will cause a temporary rise due to a drop in milk 
20 
yield. 
Burt (1957a), Blaxter (1950) and Broster (1958) recognize 
that alterations in energy intake may cause variations in the 
solids fraction of the milk rations deficient in energy caus­
ing a reduction in SNF and in some instances higher energy 
rations causing a rise in SNF. The greater portion of the 
change is found in the protein fraction, although with par­
ticularly high energy rations some change in lactose may occur. 
Broster (1958) points out that severe depression of en­
ergy intake may reduce SNF percentage by as much as 0.4%. 
Broster also reports reduction in SNF percentage with de­
creases in protein level of the ration, though no effect is 
noted when protein levels are increased above the accepted 
protein feeding standard. Bailey (1952) says that even a se­
vere protein deficiency in the feed will cause only a small 
decrease in SNF content. 
In addition to the presently reviewed nutritional fac­
tors affecting milk composition, it is important to recognize 
that genetic factors, unknown nutritional factors and other 
environmental factors may also be important in studying changes 
in milk composition. 
Bailey (1952), Meiser (1956) and Wilcox e_t aJL. (1958, 1959) 
summarize many of the environmental and genetic factors which 
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show an effect on milk composition. High environmental tem­
peratures and/or summer drought are reported to lower SNF. 
The effect of these bioclimatological factors are thought to 
express lack of available nutrients (undernutrition) and loss 
of appetite (Larson, 1958). 
Stage of lactation causes changes in SNF characterized 
by a drop from an initial high percentage to a rather con­
stant period extending from 6 weeks postpartum to the 5th or 
6th month, according to Bailey (1952), Meiser (1956), Wilcox 
et al. (1958, 1959) and Larson (1958). Gestation normally 
causes a rise in SNF percent and a decrease in milk yield which, 
with cows under normal management, will be expressed at about 
6 months postpartum. Consequently, observations recorded from 
6 weeks to 6 months after freshening (the experimental period 
in this study) would be least affected by this variable. The 
SNF percentage is found to decline gradually with age at a rate 
varying between 0.03 and 0.18% per lactation. Meiser (1956) 
also points out the recognized drop in lactose resulting from 
chronic mastitis infection and the lowering of milk yield with 
a rise in the fat percentage due to estrum. 
Duncan (1955) could find no difference in milk composition 
(in three generations of cows) which could be attributed to 
feeds grown on fertilized or unfertilized plots. A drop in 
milk yield was the first observable effect of badly deficient 
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rations. 
In brief, numerous factors are involved in any consider­
ation of environmental influence upon milk composition. The 
fat fraction is the most variable of the milk solids and con­
sequently significant differences are more difficult to de­
tect (Burt, 1958; Feather s tone £t al., 1951). Balch e_t al. 
(1952; 1954a, b, c; 1955), Ensor e_t al. (1959) and Shaw ejt 
al. (1959), among others, report a drop in milk fat percentage 
due to a reduction in hay intake and to finely ground hay in 
combination with a high energy, high starch concentrate mix­
ture or heated corn. Only extreme ration changes over pro­
longed periods (Blaxter, 1950) appear to influence fat per­
centage. 
SNF percentage may be influenced by the plane of nutri­
tion to which the cow is subjected (Rowland, 1946 ; Holmes et_ 
al. 1956 ; Holmes et^ al. 1957; Burt, 1957c, d; Castle et al. 
1958, 1959; Han s s on ert ajL. 1954), and is usually expressed as 
a rise in the protein fraction and occasionally as an increase 
in the lactose fraction. Extreme reductions in the protein 
levels have led to some reduction in the SNF content of the 
milk (Rowland, 1946 ; Broster, 1958) though this trend has not 
been shown by many investigators (Holmes et al. 1956; Rook, 
1953; Bailey, 1952). 
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Efficiency of Energy Utilization in Milk Production 
Differences among cows in their ability to utilize feeds 
for milk production are recognized. In an attempt to evaluate 
these differences an expression of efficiency has been adapted 
based upon the energy produced in the milk (expressed in 
terms of energy in the milk or pounds PCM) in relation to the 
energy consumed by the cow (expressed in one of several energy 
measures). These values are at best only ratios which are 
greatly influenced by many genetic and environmental factors. 
Two efficiency measures have been established by Brody 
(1945) which are an expression of the relative efficiency of 
the lactating cow. Gross efficiency considers the energy in 
the milk in relation to the calories in the feed calculated 
from the TDN value, while net efficiency removes from the 
available energy supply those calories utilized for mainten­
ance of the animal. Brody indicates the gross efficiency 
value for the dairy cow to be about 30% while the net effi­
ciency will average about 60%. 
Efficiency data from the Danish testing stations (Venge, 
1956), indicate a heritability for gross efficiency (total feed 
units per kilogram butterfat) of 0.4 and for net efficiency of 
production feed units (above maintenance) of 0.2. Mather 
(1959) suggests that the heritability of gross efficiency (FCM 
24 
per total feed units consumed) is in the range of 0.4 to 0.5 
while the repeatability of the efficiency value is quite vari­
able, ranging from 0.03 to 0.47. Hooven and Matthews (1958) 
reported a repeatability of 0.34 for gross efficiency. In the 
comparison of six sire groups, significantly different feed 
efficiencies were indicated between the respective daughters, 
even after covariance adjustment was used to standardize milk 
production ability. This suggested that at least some of the 
genetic differences in feed efficiency are independent of milk 
yield. 
Efficiency of production was calculated by Bloom (1955) 
using Brody1 s equations for net and gross efficiency. Net ef­
ficiencies based upon a 182-day experimental period were found 
to be affected by the ability of the animal and the level of 
feeding, decreasing in a stepwise manner from high to low 
ability animals and from lower to higher feeding levels. Bloom 
also found ability and feeding level to affect significantly 
the production efficiency, when calculated by using NE per 
pound of FCM. 
Elliot and Loosli (1959a), in an experiment previously 
described in this review, calculated the efficiency of produc­
tion in terms of FCM per therm ENE to be 3.3, 3.4 and 3.4 for 
rations in which 60, 40, and 20%, respectively, of the ENE re­
quirement was supplied in the form of hay. A similar calcula-
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tion considering digestible energy (DE) as the measure of 
energy intake resulted in a decided increase in efficiency 
with increasing proportions of concentrate in the ration (1.4, 
1.7 and 2.0 pounds of FCM per therm DE, respectively). The 
authors suggest that some of the energy which is not accounted 
for is lost via the urine with the excretion of the excess ni­
trogen furnished by the hay. In a subsequent paper, Elliot 
and Loosli (1959b) proposed that the relative proportion of 
volatile fatty acids produced in the rumen on the various hay 
to concentrate rations might have an influence on the utiliza­
tion of the energy for milk production. Efficiencies of pro­
duction, based on a DE calculation, increased as the proportion 
of propionic and butyric acid rose in relation to the acetic 
acid. These findings suggest a possible cause and effect re­
lationship between proportion of fatty acid resulting from a 
feed and the efficiency of utilization of DE. 
Stone e_t jal. (1959) found considerable variation in the 
efficiency figures calculated from data of 12 roughage capa­
city experiments conducted at Cornell. Roughage was fed ad 
libitum with a moderate allowance of grain. The efficiencies 
calculated as pounds of TDN required for maintenance and milk 
per 100 pounds FCM ranged from 42 to 83 with an average value 
of 56-7. A high correlation was found between efficiency and 
FCM production. 
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Hansson ejt aly (1954) calculated efficiencies using cal­
ories in the milk per calorie NE from the feed, as well as 
calories in the milk per calorie NE available for milk produc­
tion. Decreasing efficiencies were recorded with increasing 
levels of energy available for production. The latter of the 
two efficiency indexes described above, ranged from 1.85 to 
1.29 with increasing energy intake. Theoretically this ef­
ficiency index should approach unity providing proper allowance 
has been made for maintenance and body weight changes, as they 
were in Hansson*s study. 
Mason ejt al. (1957) utilized records from Danish farms 
and progeny testing stations in calculating the correlation 
between milk yield and efficiency of production (gross ef­
ficiency). The data indicated a positive correlation between 
efficiency and milk yield of 0.95 and showed an increase of 
0.035 efficiency units (pounds FCM per feed unit) per kilogram 
FCM. 
Hassan (1958) and Putnam and Loosli (1959) calculated ef­
ficiencies using pounds TDN per pound FCM; both reported in­
creasing values (poorer utilization of available energy) with 
increasing levels of grain in the ration when roughage was 
fed _ad libitum. These results were probably not a true re­
flection of the efficiency of energy utilization of the re­
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spective ratios of hay to concentrate since ad libitum 
feeding resulted in increased energy feeding levels with in­
creased proportions of grain in the ration. 
Mather (1959) grouped cows into different producing 
abilities and fed roughage (silage ad libitum, 5 pounds hay) 
with (1) no grain, (2) 1 pound grain/6 pounds FCM and (3) 
1 pound grain/3 pounds FCM. The lowest ability group respond­
ed with 0.75 extra pounds of FCM for each additional pound of 
grain as compared to the high potential group which produced 
1.32 pounds FCM per additional pound of grain, indicating a 
greater response from animals which have the extra ability po­
tential. 
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EXPERIMENTAL 
Design of Experiment 
Lactating cows from the Iowa State University dairy 
herd were used to study responses to selected hay to con­
centrate ratios, calculated on an energy basis and applied 
at 3 planes of nutrition (to be described later). A factori­
al design was employed. Four complete replications of the 
basic design were conducted over a 3-year period using 36 
Holsteins and 12 Brown Swiss. It was planned to have one 
complete Holstein replication and a partial Brown Swiss 
replication each year ; however, late in the experimental 
period of the second year, one cow was lost as a result of 
a prolonged disease condition which necessitated two animals 
being placed in this position of the design the following 
year. Five Brown Swiss were used in each of the first and 
second years with two cows completing the Swiss replication 
the third year. 
Each cow in the study was in its second or subsequent 
lactation. Only those that freshened within the fall calv­
ing period (September 1 to January 1) were used, insofar 
as possible, in an effort to reduce the seasonal variation 
resulting from hot summer weather. Some of the animals were 
used during two or more years of the experiment, but were 
always in different positions of the design. Table 1 sum­
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marizes the data describing the animals used in this study. 
Following calving, each cow underwent a 14-day adjust­
ment period, a 49-day preliminary period and an 84-day ex­
perimental (treatment) period. The adjustment period in­
cluded the time for the transfer of the cow from the materni­
ty barn to a selected group of experimental stalls. This 
period also provided time for the adjustment to the full 
feed provided during the preliminary period. 
All animals were maintained under similar conditions 
during the preliminary period and the normal performance of 
the animal was then available for use as a base for covari­
ance adjustment of the data. This period also permitted elim­
ination of unsuitable animals due to chronic mastitis or 
disease. A fixed ratio of 7 pounds of hay to 4 pounds of 
concentrate was initiated during the adjustment period and 
maintained throughout the preliminary period. Consumption 
was permitted to increase as long as there was no substan­
tial refusal. 
The design for the experimental period is illus­
trated in Table 2. The four hay to concentrate ratios on 
a net energy basis were as follows: 75:25, 55:45, 35:65, 
and 15:85. Each of these ratios was fed at three feed­
ing levels, based on the quantity of energy above body 
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Table 1. Descriptive data relative to the experiment 
Animal Br.a Birth date Lactation Freshening Detectable 
no. (mo.-yr.) no. dateCmo.-day) stress" 
1956 -1957 
3911 H 8-53 2 10-8 none 
3432 H 7-50 5 10-10 M-19 
3641 H 12-51 3 10-15 None 
3170 H 11-48 6 10-28 MF-1 
3536 BS 3-51 4 10-28 none 
3444 H 8-50 5 10-31 none 
3141 BS 9.48 6 11-14 none 
3628 BS 11.51 4 11-27 none 
3659 BS 2-52 3 11-28 none 
3794 H 11-52 3 12-14 none 
3722 H 6-52 3 12-19 M-23,24 
3921 H 9-53 2 12-24 Sick-8,9 
3880 H 6-53 2 12-26 A-3 
3454 BS 9-50 5 12-31 none 
3908 H 8-53 2 1-1 none 
2982 H 8-47 7 1-5 M-15 
3469 H 10-50 5 1-5 none 
1957--1958 
4010 H 5-54 2 9-18 none 
2963 H 6-47 8 9-20 none 
3911 H 8-53 3 9-22 none 
3795 H 11-52 3 9-27 none 
3459 BS 9-50 5 9-27 lame-11 
4054 H 7-54 2 10-20 none 
4009 BS 4-54 2 10-23 none 
3536 BS 3-51 5 10-30 none 
4024 H 5-54 2 11-2 none 
4073 H 9-54 2 11-3 sick-21 
3141 BS 9-48 7 11-10 none 
3170 H 11-48 7 11-15 none 
4045 H 7-54 2 11-20 none 
4055 H 7-54 2 12-6 none 
4093 H 11-54 2 12-8 M-15,16,17 
3659 BS 2-52 4 12-17 genital 
trouble-4 
aBreed: H-Holstein, BS=Brown Swiss. 
^The letter describes the stress condition; the figure 
designates the week of occurrence after parturition. M=mas-
titis, MF=milk fever, A=acetonemia. 
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Table 1. (Continued) 
Lactation Detectable 
no. (mo.-yr.) no. date (mo.-day) stress*3 
1958-1959 
4082 H 10-54 2 9-1 none 
3911 H 8-53 4 9-3 none 
4139 H 3-55 2 9-7 none 
4142 H 3-55 2 9-11 M-9,10 
3958 H 12-53 3 9-14 none 
4204 H 8-55 2 9-28 none 
3493 H 12-50 6 9-28 none 
4156 BS 4-55 2 9-29 none 
4033 BS 6-54 3 9-29 none 
3795 H 11-52 4 10-8 none 
3170 H 11-48 8 10-24 none 
4055 H 7-54 3 11-11 none 
4045 H 7-54 3 11-18 none 
4054 H 7-54 3 11-19 none 
4024 H 5-54 3 11-23 none 
Table 2. The experimental design 
Year Breed 
Feeding 
level 
Hay to concentrate ratio 
75:25 55:45 35:65 15:85 
1956- H High 3432 3469 3794 3444 
1957 BS 3536 
H Med 3921 3908 2982 3722 
BS 3454 3628 3141 
H Low 3911 3880 3170 3641 
BS 3659 
1957- H High 3795 4073 4055 
1958 BS 4009 3536 
H Med 3911 3170 2963 4045 
BS 
4010 
3141 
H Low 4024 4054 4093 
BS 3659 3459 
1958- H High 3911 4204 3170 4082,3795 
1959 BS 4156 
H Med 3958 4055 4142 3493 
H Low 4139 4045 4024 4054 
BS 4033 
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maintenance necessary to produce 13,000, 11,000 and 9,000 
pounds of 4 percent FCM over a 243-day lactation period. These 
levels were taken from the work of Bloom (1955) after which this 
design is patterned. Bloom utilized the Holstein herd lacta­
tion curve as a basis for proportioning the feed energy avail­
able for milk production throughout the respective weeks during 
the experimental (treatment) period. The net energy require­
ment for body maintenance was calculated from data compiled by 
Morrison (1956), employing the "usual" allowance suggested as 
the approximation of body maintenance requirements. The energy 
requirement for body maintenance was determined from the aver­
age of the individual body weights over the pre-experimental 
(pre-treatment) periods. 
Feeding and Management of Animals 
All cows were fed the normal herd concentrate mixture as 
shown in Table 3. The protein content of the concentrate mix­
ture was altered following the first year by reduction of the 
amount of soybean oil meal. This change had very little effect 
on the energy content of the concentrate mixture and resulted 
in the protein content of the concentrate more closely approxi­
mating that of the hay. 
An effort was made to keep the quality of the hay as uni­
form as possible by selecting second cutting alfalfa hay cut 
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Table 3. Composition of concentrate mixtures 
Pounds 
Ingredient 1956-1957 1957-1959 
Ground oats 
Wheat bran 
Soybean oil meal 
Bone meal 
CaCOi 
Salt 
Ground yellow corn 500 
300 
400 
200 
14 
14 
14 
500 
300 
400 
100 
14 
14 
14 
and stored the summer preceeding the respective feeding period. 
Some variation was encountered when it was necessary to supple­
ment the diminishing supply during the experiment. The hay was 
leafy, of good color and condition and obtained primarily from 
the Iowa State University farms or purchased from private in­
dividuals within a 40-mile radius of Iowa State University. 
The estimated net energy (ENE) values for the feeds were 
determined from Table II of the Appendix in Morrison's (1956) 
Feeds and Feeding. For calculation of the daily feed allotment, 
estimates of the NE content were based on appearance of the 
hay and composition of the concentrate. The chemical analysis 
and appearance served as a guide for the final ENE evaluation 
using the aforementioned table. The method for calculating the 
amount of ration to be fed is illustrated in the thesis by 
Bloom (1955), steps 5 and 6, pages 25 and 26. The rations were 
recalculated each week using the projected changing lactation 
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curve citéd above (Bloom, 1955). 
The concentrate mixture and hay to be fed daily were 
weighed to the nearest 0.1 pound. Hay was weighed into labeled, 
large, wide-mouthed canvas bags capable of holding 50 pounds of 
hay. The concentrate mixture was weighed into labeled 5 gallon 
pails and hung above each cow1s manger. 
The concentrate mixture was fed in three approximately 
equal portions before and after evening milking and after 
morning milking. Each cow was fed hay twice daily, except that 
those receiving 20 or more pounds were fed four times daily to 
maximize consumption and minimize waste and weighback. Each 
manger was enclosed in a manner to minimize wastage, and special 
help was provided to the herdsman to assist in controlling the 
movement of the animals during the milking operation and exer­
cise periods. All cows were milked twice daily at approximately 
12-hour intervals. Each animal had free access to water at all 
times and remained in its respective stanchion except during ex­
ercising, milking and weighing. 
All refused material was weighed back daily and the mangers 
were cleaned weekly. At one period during the Fall of 1958, 
refused material was allowed to accumulate for a week before 
being weighed back. This period involved the preliminary period 
of animals 4082, 3911 and 4139; it apparently had little effect 
on consumption. 
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When an animal did not consume its entire ration the quan­
tity was reduced, keeping the ratio constant, until weighbacks 
were lowered to less than 10% of that fed. During the winter 
feeding of 1957-1958, adjustment of the entire ration was not 
made and large weighbacks were recorded, particularly with cows 
receiving the higher portion of energy in the form of hay. 
However, when considering the actual proportion of energy fur­
nished by roughage and grain, the ration was maintained within 
the range of the other animals in their respective groups. 
When weather was not inclement, the experimental cows were 
allowed to exercise in a protected lot allowing no access to 
feeds from 10:00 AM to 2:00 PM. 
Records 
The weight of the milk produced at each milking was re­
corded to the nearest 0.1 pound. During the first year, samples 
of milk for analyses were taken on the 49th day and bi-weekly 
to the 161st day. During the second and third years, the first 
sample for each animal was obtained on the Wednesday evening 
and Thursday morning as closely as possible to but not later 
than the 49th day and bi-weekly thereafter, including one post-
experimental sample. Each composite sample was analyzed for 
the various milk constituents. 
Weights of the concentrate mixture and hay were recorded 
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daily as was the weight of the feed refused. The concentrate 
mixture was sampled daily from various locations from the sup­
ply, composited over a 2-week interval and, after thorough 
mixing, ground to pass a 40-mesh screen in a Wiley Mill and 
analyzed. 
During the first year a center slice was taken from each 
bale of hay, composited, ground, mixed and then handled in the 
same manner as the concentrate sample. During the last 2 years, 
one half of each 25th bale was composited with another, ground, 
mixed and then handled as the concentrate and hay sample de­
scribed above. The sampling technique also included selection 
of a center slice from one of the bales three times each week 
for immediate routine dry matter analysis. All hay and grain 
samples were sealed in glass fruit jars until analyses could 
be accomplished. 
Animals were weighed at weekly intervals at about 3 P.M. 
except in a few instances where it was necessary to delay weigh­
ing until about 5:30 P.M. 
The health and general appearance of all the cows were 
noted daily and all observations of any apparent significance 
were recorded. Mastitis and other diseases were treated by 
personnel of the Dairy Farm and/or of the Veterinary College of 
Iowa State University. Table 1 summarizes the cases which 
caused variation in milk production. 
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Analytical Procedures 
Hay and concentrate mixtures underwent proximate analysis 
according to procedures outlined in AOAC (1955). Dry matter 
was determined by drying in a 110°C oven for a 24-hour period. 
Milk was analyzed for total solids, fat, protein, lactose 
and ash. When the entire analysis could not be accomplished 
within a reasonable period after collection, the milk was fro­
zen for subsequent analysis. All analyses were run in tripli­
cate with the exception of butterfat which was run in duplicate. 
Total solids were determined by the technique described in 
AOAC (1955) with the use of a layer of sea sand in the vessel 
for more complete dispersion of the milk over a greater surface 
area. Drying was done in a 98-100°C drying oven for 3 hours. 
Ash was determined as described in AOAC (1955). Milk fat was 
measured by the Babcock technique. 
Diluted milk, properly preserved with phenylmercuricace-
tate, was used in the protein and lactose determinations. Pro­
tein was determined by the microkjeldahl technique described 
by Shahani and Sommer (1951) except that the catalyst consis­
ted of 2 parts of HgO and 17 parts of K2S04 by weight. 
Lactose was determined colorimetrically with anthrone re­
agent by a technique similar to that described by Seifter e_t al. 
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(1950) and modified by Fagen et. al« (1954) for use with milk 
products. The color was developed by heating the mixed ali­
quot in a boiling water bath for 10 minutes and immediately 
cooling it in ice water. Readings were made in a Klett-
Summerson colorimeter using a number 59 filter. This tech­
nique is very similar to that described by Richards (1959) 
in which he demonstrated the accuracy of the technique on milk 
products with trace amounts of lactose. 
Techniques employed in the statistical analysis of the 
data are described by Snedecor (1956). Analyses of variance 
and covariance were applied to the data to make the necessary 
comparisons and tests of significance. Because of the unsym-
metrical nature of the data (disproportionate numbers in breeds 
and years, Table 2), portions of the data were analyzed by the 
method of least squares and the significance of the treatment 
effects were evaluated. 
The analysis of variance used in the statistical treat­
ment of all the data (Brown Swiss and Holstein) had the fol­
lowing form: 
Statistical Treatment of the Data 
Source of variation Degrees of freedom 
Total 
Breed (B) 
Year 
Treatment (T) 
47 
1 
2 
11 
39 
Ratio (R) 3 
Level (L) 2 
Ratio by levels interaction 6 
Breed by Treatment interaction 11 
Error 22 
Consideration of the Holstein data alone resulted in an analysis 
of variance with the following form: 
Source of variation Degrees of freedom 
Total 35 
Years 2 
Treatment 11 
Ratio 3 
Level 2 
R X L 6 
Error 22 
Each effect was considered fixed, resulting in all effects 
being tested against the common error term. 
When all animals were considered in both breeds, the 
statistical analyses reported in this thesis were accomplished 
by electronic computor, using least square analyses. The Hol­
stein breed, with the exception of one treatment (15:85, high) 
missing during the 1957-58 year, had three replications. There­
fore, by calculation of a missing value and the random elimina­
tion of a treatment duplication found in the 1958-59 year (re­
sults obtained from animal 3795 were deleted), a standard anal­
ysis of variance could be applied to these data. One degree of 
freedom was removed from total and error components to adjust 
for the restriction imposed and the necessary adjustments were 
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made in the variance of the treatment means to accomplish the 
treatment comparisons. 
As suggested by Bartlett (1935) an analysis of covariance 
was used to adjust the experimental (treatment) period PCM 
production for the animals ability as demonstrated during a 
3-week standardization period (referred to in this study 
as preliminary period) when all animals were on a standard­
ized ad libitum ration. The three weeks immediately pre-
ceeding the experimental (treatment) period were selected be­
cause it insured that cows would have passed their maximum 
production and would be in the declining phase of the lactation 
curve. Burt (1958) and Waite (1959) stated that a 3-week period 
is of sufficient length to establish the composition of the 
milk when treatment effects are imposed; in this study the three 
week period is a continuation of the preliminary period, and 
would not be subject to any treatment effects, and therefore 
would serve as a sound base for use as the covariate. The co-
variance procedure was extended to the examination of the other 
milk constituents. The appropriateness of the extension of 
this technique is verified by consideration of the significance 
of the regression coefficients shown in Table 4. Only in the 
case of fat percentage were the regression coefficients not 
significant. Lactose showed a significant regression during the 
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Table 4. Regression values obtained from covariance analyses 
for use in adjusting the data (Holsteins only) in 
the experimental period for the corresponding co-
variate in the preliminary (standardization) period 
Regression value and significance 
level 
Constituent Experimental period 
Wks. 5-8, .inc. Wks. 5-12, inc. 
Production 
Milk (actual) 
Milk (test day) 
FCM 
SNF 
Protein 
Lactose 
Fat 
Percentage 
SNF 
Protein 
Lactose 
Fat 
*P 0.05. 
**P 0.01. 
fApproaches P < 0.10. 
4 week experimental period although the regression value only 
approached significance at the 10% level of probability in the 
8 week period. 
In evaluating the treatment comparisons with the Holstein 
data, two standard errors of treatment means were determined; 
0.965** 
0.767** 
0.430** 
0.747** 
0.762** 
0.784** 
0.415** 
0.659** 
0.541** 
0.526* 
0.096 (ns) 
0.938** 
0.738** 
0.431** 
0.696** 
0.720** 
0.658** 
0.420** 
0.617** 
0.511** 
0.285? 
0.134 (ns) 
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one for comparison of treatment means not containing any missing 
value calculation, the other for comparison of treatment means 
one of which contains a missing value estimate. These values 
were used in Duncan1s (195 5) multiple range test for comparing 
the treatments means. 
Calculation of the standard error of the treatment mean 
when using the covariance technique was based upon an approxi­
mation (Kempthorne, 1952) similar to that suggested by Finney 
(1946): 
=t = fs7~ 
where s-r" = (1 + Txx ) 
t r ^ EXX 
and s2 = estimate of population variance 
r = replication of treatment 
t-1 = degrees of freedom for treatment under consideration 
Txx = treatment sum of squares 
Exx = error sum of squares 
st" = approximate standard error of mean in covariance 
technique with no missing data. 
The standard error of the difference between the mean of 
the treatment with a missing value and the mean of any other 
treatment is S<j = s-^2^ +(r lX't' 1) according to Cochran and 
Cox (1957), which when multiplied by l/ /"a" becomes a very close 
approximation of the standard error of the respective treatment 
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means. Using this error, only those values which exceed the 
critical value for Duncan's (1955) multiple range tests are 
considered significant, whereas, those near the critical point 
are considered as approaching the significance level of .05. 
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RESULTS 
The data resulting from this study have been considered 
from numerous aspects. Initial attention was focused upon the 
milk composition and resulting production of each constituent 
as affected by the treatments imposed. These data in turn were 
used for estimation of energy production and a comparison of 
the efficiency of energy utilization. Details of feed consump­
tion, milk production, milk composition and body weight for the 
36 Holstein and 12 Brown Swiss are given in Tables 24 to 33 in 
the Appendix. 
Treatment effects were determined in two different periods; 
period one evaluated the results averaged over weeks 14 to 17, 
inclusive, (weeks 5 to 8, inclusive, after initiation of speci­
fied treatments) and period two extended from weeks 14 to 21, 
inclusive, (weeks 5 to 12, inclusive, after initiation of treat­
ment). This procedure provides one period relatively close to 
the preliminary (covariate) period but with observations being 
made after treatment effects have become well established. 
Each value used in this period represents two biweekly observa­
tions obtained from duplicate or triplicate analyses as described 
in the experimental section. The second period result is the 
mean of 4 biweekly observations obtained as above. 
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The Experimental Period - General 
Surprisingly few problems were encountered over the 3-year 
study, considering the number of animals and the restricted 
conditions to which they were subjected. All cases of masti­
tis which were detected by the milking and supervising person­
nel have been listed in Table 1. Very few of these outbreaks 
noticeably affected production on the test day--such instances 
were noted in the Appendix, Tables 27 to 30. Animal 4038 on 
ration 15:85 - High was lost from the experiment in 1957-
58 due to severe mastitis and a complete cessation of milk 
production. Since this occurred late in the season, replace­
ment was impractical. No noticeable digestive disturbances 
attributable to the experimental rations were encountered. 
Environmental temperatures probably exerted negligible in­
fluence on the performance of the cows since the treatments 
were imposed during the barn feeding period and in only isolated 
cases (animal 3469, 2982) was it necessary to restrain the ex­
perimental cows when other cows were turned on spring pasture. 
Exercise was provided for the restricted cows in the lot pre­
viously described. 
In spite of the failure to adjust the experimental rations 
for excessive refusals during the 1957-58 year (as described 
in Experimental section), the ratios of hay to concentrate on 
an ENE basis were grouped within 1 to 2 percentage points of 
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the average, generally falling slightly short of the origin­
ally established portion of energy from the roughage source. 
To establish the validity of the feeding system employed, a 
statistical analysis of the therms available for productive 
purposes was made with data for the 36 Holsteins. Evaluation 
of the ENE available for milk production is shown in Table 5 
in which the tests for the ratio fed and level of feeding are 
significant at the 1% level. The significant effects of the 
level of feeding were the results of treatments designed to 
cause differences in energy intake and therefore were expected 
to show this difference. The differences in the effects of 
the ratios are largely a result of the inability of some of 
the cows to consume their entire rations, over the four hay to 
concentrate ratios thus energy consumption was unequal. Closer 
examination also reveals that energy furnished from the hay 
was less than the level anticipated due to an overevaluation 
of the ENE in the hay at the time the ration was calculated. 
Moreover, the dry matter level of the feed was lower than the 
average figure given in Morrison's (1956) tables. Consequent­
ly, there was some reduction of the energy available, particu­
larly for those cows consuming larger quantities of hay. 
Cows consuming the high grain ration exhibited a sharp 
drop in body weight when changed to the experimental ration 
(Figures 2-4), which probably was due to reduced "fill" in the 
47 
Table 5. Analysis of variance : ENE available for produc­
tion (above maintenance) during the experimental 
period 
Source of Sum of Mean 
variance d.f. squares square F 
Years 2 1,466.94 733.47 0.18 
Ratio 3 219,693.83 73,231.28 18.00** 
Level 2 437,463.18 218,731.59 53.77** 
R X L 6 22,036.80 3,672.80 0.90 
Error 22 89,489.08 4,067.70 
Total 35 770,149.83 
**P< 0.01. 
rumen. (In Figures 2 to 5 the plot of body weight was an av­
erage of the animals on the respective treatments. During 
the 1958-59 season body weights were not recorded in week 21, 
therefore, values were estimated to be included for these 
plots on the graphs.) Consequently the calculation of energy 
needed for maintenance for these cows would be reduced when 
the reduction in body weight occurs. The question arises 
as to the validity of this body weight for use in calcula­
tion of energy requirements for maintenance. If this value 
is an artificially lower weight resulting from the reduced 
fill, more energy would be calculated to be available for pro­
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ductive purposes, thus exaggerating the ratio difference shown 
in the analysis presented in Table 5. 
Variations in body weight during the experimental period 
could greatly affect production, should these alterations be 
due to treatment effects. As in Bloom's data, (1955) this 
study indicated noticeable adjustments in body weight (Fig­
ures 2-4) were made the first 2 to 4 weeks after the cows were 
placed on the experimental rations. A best fitting curve was 
plotted through the individual weekly weights for each cow and 
an estimation was made of the overall change in body weight 
from the 11th to 21st week (last 10 weeks of the treatment 
period); the Holstein cows are summarized in Table 6. In­
spection of the level means in Table 6 and the slope of the 
curves in Figure 5 show the relative magnitude of the body 
weight changes. Analysis of these data (Table 7) indicates 
no difference in body weight change during the last 10 weeks 
that can be attributed to treatment effects. The body weight 
change due to feeding levels approached significance at the 
0.10 level of probability, which might be anticipated consider­
ing the nature of the treatments. The random allotment of the 
cows balanced out the average body weights of the cows over 
the various ratios and levels as shown in Table 6. 
Table 6. Body weight changes during weeks 3-12, inclusive, of the experimental 
period 
Year Level of H-75:C-25 H-55:C-45 H-35:C-65 H-15:C-85 Av.wt. Av.wt. 
feeding Cow Wt.change Cow Wt.change Cow Wt.change Cow Wt.change change/over ex­
pounds) (pounds) (pounds) (pounds) cow ptl.per. 
(levels)(pounds) 
(pounds) 
56-57 
57-58 
58-59 
High 
3432 
3795 
3911 
-51 
- 5 
6 
3469 
4073 
4204 
-12 
-13 
-18 
3794 
4055 
3170 
15 
8 
-38 
3444 
4082 
3795 
8 
72 
40 
1 .0 1212 
56-57 
57-58 
58-59 
Med. 
3921 
3911 
3958 
18 
-15 
77 
3908 
3170 
4055 
-16 
14 
-40 
2982 
2963 
4142 
-22 
10 
62 
3722 
4045 
3493 
-3 
-30 
— S 
3 .9 1149 
56-57 
57-58 
58-59 
\ 
Low 
3911 
4010 
4139 
-32 
10 
11 
3880 
4024 
4045 
-28 
-30 
-81 
317C 
4054 
4024 
-45 
20 
-75 
3641 
4093 
4054 
-40 
8 
-14 
-24 .7 1170 
Av. wt. change 
per cow (ratios) 2.1 -24.9 -7.2 3.6 -6 . 6 
Av. wt 
exptl. 
. over 
per. 1123 1205 1208 1171 1177 
50 
Table 7. Analysis of variance : body weight changes during 
weeks 3-12, inclusive, of the experimental period 
Source of Sum of Mean 
variance d. f. squares square F 
Year 2 2291.1 1145.6 1.17 
Ratio 3 5922.1 1974.0 2.02 
Level 2 4682.2 2341.1 2.40"f 
R X L 6 9302.3 1550.4 1.59 
Error 22 21464.9 975.7 
Total 35 43662.2 
T Approaches P < 0.10. 
The Experimental Period - Milk Composition 
and Constituent Production 
The milk composition and constituent production will be 
considered over the 4-week and 8-week periods previously 
described. Compositional data are based on the average anal­
ysis of the biweekly observations of each cow,whereas, produc­
tion data are the average of the product of the cow's test 
day milk production times the respective constituent percent­
age. These values are then expressed as weekly or monthly 
average production. 
Tables 8 through 12 list two standard errors of treatment 
means which were calculated according to the procedure out-
Table 8. Average weekly production of milk and FCM (Holstein only) during each experimental period as 
affected by ratio of hay to concentrate and level of feeding* 
Product Exptl. Unadjusted ratio means Adjusted ratio means Std. error of 
period 75:25 55:45 35:65 15:85" 75:25 55tl5 35:65 15:85" treatment mean 
(pounds per week) (pounds per week) 
4 week 277.5 318.2 346.2 350.5 269.5 316.5 336.0 338.1 7.48° 8.43% 
Milk (actual^ 
266.5 308.4 327.5 336.0 262.6 310.6 319.6 331.4 6.26 7.04 
4 week 268.3 319.2 337.0 337.6 268.4 321.9 335.2 336.6 9.80 11.0 
Milk (test day) 
o week 261.8 306.9 321.9 328.3 261.8 309.6 320.2 327.3 10.6 10.1 
Level means Level means 
Hiehb Medium Low Hiehb Medium Low 
4 week 
Milk (actual| i 335.5 
324.4 
330.5 303.5 
316.8 287.6 
229.8 
221,5 
324.9 
315.4 
290.3 
281.2 
6.46 
5.50 
7.29 
6.21 
4 week 
Milk (test day) 
8 week 
330.9 
318.5 
323.1 292.5 
315.1 280.5 
328.7 
316.3. 
323.4 
. 320&1 
289.5 
277.6 
8.55 
7.78 
9.65 
; 9.34 
aAdjusted means are compared using Duncan's (1955) multiple range test. Those means not under­
scored ty a common line are significantly different from each other. 
kIncludes allowance for missing value. This standard error is for comparing treatment means one 
of which includes a missing value. 
cThis standard error is for comparing treatment means which do not include missing values. 
Table 9. Average percentage of milk constituent (Holsteins only) during each experimental period as 
affected by level of feeding* 
Constit­
uent 
Exptl. 
neriod 
Unadl 
Hi eh' 
justed level 
> Medium 
means 
Low 
Adjusted level meaas 
Hiehb Medium Low 
Std. error of 
treatment mean 
(percentage composition) (percentage composition) 
SNF 
4 week 8.28 8.02 8.09 8.25 8.10 8.04 .051c .058% 
8 week 8.30 8.02 8.09 8.27 8.10 8.P4 .052 .058 
Protein 
4 week 2.99 2.84 2.84 2.97 2.87 2.82 .034 .038 
8 week 2.99 2.88 2.84 2,97 2.91 2.82 .034 .039 
4 week 4.68 4.47 4.59 A€ 66 4,54 4,54 .042 .047 
Lactose 
4.66 4.46 4.58 4.65 8 week A. 50 
— 
.037 .042 
4 week 3.04 2.88 3.09 .080 .090 
Fat 
8 week 3.06 2.92 3.12 
regression not significant 
.067 .076 
aAdjusted means are compared using Duncan's (1955) multiple range test. Those means not under­
scored by a common line are significantly different from each other. 
^Includes allowance for missing value. This standard error is for comparing treatment means one 
of which includes a missing value. 
cThis standard error is for comparing treatment means which do not include missing values. 
Table 10. Average percentage of milk constituent (Holsteins only) during each experimental period as 
affected by ratio of hay to concentrate* 
Constit­
uent 
Exptl. 
neriod 
Unadjusted ratio means 
75:25 55:45 35:65 15:85b 
Adjusted ratio means 
75:25 55:4.5 35:65 15:85b 
Std. error of 
treatment mean 
(percentage composition) (percentage composition) 
SNF 
4 week 8.00 8.00 8.14 8.38 8.09 8.08 8.07 ...8,28 .061° .068b 
8 week 7.99 8.02 8.18 8.36 8,Q8 8.10 8.11 8,2& .061 .069 
4 week 2.77 2.81 2.94 3.04 2.81 2.85 2.92 2.99 .039 •044 
Protein 
2.80 2,96 8 week 2.81 2.98 3.02 2,85 2.86 2,97 .040 .045 
4 week 4.50 4.64 4.55 4.62 4i£4u_ 4,6% . 4,54 . 4,62 .041 .046 
Lactose 
8 week 4.51 4.60 4.54 4.64 4.53 4,59 4.54 -ÂjÂL .037 .041 
4 week 2.97 2.85 3.05 3.13 .093 .104 
Fat 
8 week 3.03 2.89 3.10 3.12 
regression not significant 
.077 .087 
*Adjusted means are compared using Duncan's (1955) multiple range test. Those means not under­
scored by a common line are significantly different from each other. 
^Includes allowance for missing value. This standard error is for comparing treatment means one 
of which includes a missing value. 
°This standard error is for comparing treatment means which do not include missing values. 
Table 11. Average production of each milk constituent (Holsteins only) during each experimental period 
as affected by level of feeding* 
Constit- Exptl. Unadjusted level means Adjusted level means Std. error of 
uent period High" Medium Low Highb Medium Low treatment mean 
(pounds per week) (pounds per week) 
PCM 
4 week 280.0 269.1 251.9 292,7 269,3 249.8 6.51° 7.35b 
8 week 273.4 262.7 244.3 275.2 262.8 242.3 6.90 7.78 
4 week 
(pounds per month) 
39.54 37.74 35.94 
(pounds per 
39.92 37.62 
month) 
35.68 1.20 1.36 
Fat 
8 week 38.44 36.85 34.92 38.82 36.78 36.65 1.11 1.25 
SNF 
4 week 109.9 103.2 95.1 3,09,5 195,4 93.2 2.85 3.22 
8 week 106.2 100.2 91.2 105.9 102.6 89.4 2.20 2.47 
Protein 
4 
8 
week 
week 
39.60 
38.18 
36.69 
35.92 
33.29 
31.97 
39.30 
37.89 
37.60 
26,78 
32.69 
31.40 
0.75 
0.70 
0.85 
0.78 
Lactose 
4 
8 
week 
week 
61.75 
59.50 
58.83 
56.34 
54.06 
51.60 
61,21 
59.60 
60.73 
57,94 
52.61 
50.38 
1.52 
1.56 
1.71 
1.76 
aAdjusted means are compared using Duncan's (1955) multiple range test. Those means not under­
scored by a common line are significantly different from each other. 
bIncludes allowance for missing value. This standard error is for comparing treatment means one 
of which includes a missing value. 
°This standard error is for comparing treatment means which do not include missing values. 
Table 12. Average weekly production of each milk constituent (Holsteins only) during each experimental 
period as affected by ratio of hay to concentrate* 
Constit-
uent 
Exptl. 
period 
Unadjusted ratio means 
75»25 55:65 35:65 15:85% 
(pounds per week) 
4 week 226.1 265.0 289.0 290.0 
8 week 223.0 255.5 277.8 284.1 
(pounds per month) 
Adjusted ratio means 
75:25 55:65 35:65 15:85% 
(pounds per week) 
230.4 268.7 283.9 287.1 
227.4 259,1 272,8 381,& 
(pounds per month) 
Std. error of 
treatment mean 
FCM 
7.56° 
8.01 
8.52% 
9.04 
Fat 
4 week 32.25 36.30 40.29 42.12 33.06 36,71 , 29,64 41.55 1.40 1.58 
8 week 31.55 35.32 39.35 40.71 32.37 25,1,72. 38.70 40.13 1.28 I.44 
SNF 
4 week 85.3 102.7 109.6 113.3 86.5 105.2 107.6 111.8 3.29 3.71 
8 week 82.6 98.7 106.0 109.4 83.8 101.1 106.0 108.0 2.53 2.86 
Protein 
4 week 29.75 35.79 39.47 41.09 30.38 36,83 28,6g 40.25 0.87 .98 
8 week 29.38 34.57 38*10 39.36 29.98 35.56 37.32 38.56 0.81 .91 
4 week 48.52 58.99 62.03 63.30 49.06 59.82 60.99 62.98 1.73 1.95 
Lactose 
8 week 47.24 55.83 58.80 61.38 47.69 56,53 57,92 61,12 1.78 2.01 
aàdjusted means are compared using Duncan's (1955) multiple range test. Those means not under­
scored by a common line are significantly different from each other. 
%Includes allowance for missing value. This standard error is for comparing treatment means one 
of which includes a missing value. 
'This standard error is for comparing treatment means which do not include missing values. 
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lined in the Experimental section. These are appropriate for 
use in Duncan's (1955) multiple range test for evaluating 
treatment differences. 
Milk production 
In evaluating differences in milk production, milk weights 
obtained daily as well as milk weights on test day only were 
used in the respective calculation. No significant differences 
were detected between these two methods of measuring the milk 
production. Table 8 shows the adjusted and unadjusted treat­
ment means for milk production of the Holstein animals using 
Duncan's (1955) multiple range test to compare the adjusted 
figures. The low level of feeding and the high hay ration 
showed differences significantly lower (P^.05) than the other 
levels and ratios, respectively. Although both methods of 
measuring milk production gave similar results, use of the ac­
tual production figures reduced the error of the treatment 
means and the milk production on the H-55:C-45 ration was lower 
than that on the H-15:C-85 ration in both the 4-week and 8-week 
comparisons approaching significance (P-C.05). 
Milk composition 
Tables 9 and 10 show the treatment effects upon composi­
tion of milk of the Holstein cows. The percentage SNF was de­
termined by subtraction of the percent fat from the percent 
total sol ids and then averaged over the respective experimental 
57 
periods. 
Figure 1 is a plot of the unadjusted means of the Holstein 
cows for each of the milk constituents. Each line represents 
one of the three feeding levels plotted at biweekly intervals 
throughout the experiment. The statistical analysis of the data 
was based upon the average at the values for weeks 15 and 17 
(4-week period), and weeks 15, 17, 19 and 21 (8-week period). 
In interpretation of Figure 1 it must be remembered that a 
covariate adjustment on the preliminary period was made in the 
analysis of the data. Each constituent is plotted on the same 
absolute scale which permits comparisons between each constitu­
ent and shows the relative variability of each. 
In both periods the high level of feeding resulted in a 
significantly higher percentage of SNF than that observed among 
the cows on the low feeding level. The high level of feeding 
also resulted in a higher SNF percentage than the medium feed­
ing level, the differences closely approaching significance at 
the 5% level when using the 8-week experimental period. The 
above differences in the SNF are primarily the result of a 
significantly higher protein percentage in milk from animals on 
the high feeding level when compared to milk from those on the 
low feeding level. A similar trend is shown in the lactose 
percentage ; however, the differences were not significant 
(P< .05) except between the high and medium levels measured 
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over the 8-week experimental period. 
The various ratios of hay-concentrate feeding did not 
cause statistically significant differences in SNF percentage 
(Table 10), although a decidedly higher value is noted for the 
high grain ration. This difference is shown in both the 4-
week and 8-week observation periods. Some evidence of the 
reason for this higher SNF for animals on the high grain ration 
is shown in the protein percentage ; milk from animals fed 
higher grain rations was somewhat higher in protein percent 
than that from cows fed the higher hay rations (see Table 10 
for the treatments considered to be significantly different, 
P<.05). The high SNF level on the high grain ration is par­
tially a result of a slightly higher lactose level although 
here again the differences were not great enough to be consid­
ered significant. 
The analysis of fat percentage data showed no indication 
of significance (Tables 9 and 10); however, the medium level 
of feeding had a mean below the high and low levels in both 
experimental periods. 
The agreement of the sum of the lactose and protein per­
centages with the SNF percentage is surprisingly good when 0.7% 
is allowed for the ash constituents. Any discrepancy is prob­
ably due to analytical error (each constituent was determined 
from one sample), or the presence of some unmeasured constitu-
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exit in the milk. 
PCM and constituent production 
Figures 2 to 4 graphically depict the effect of the vari­
ous ratios at the respective levels of feeding on the FCM 
production, while Figure 5 shows the collective effect of the 
various levels of feeding on FCM production. In each of these 
figures the unit of change for milk production is a pound of 4 
percent F CM whereas, the unit of change for the input of feed-
energy above maintenance is 0.3 therms. Since 0.3 therms is 
the approximate energy requirement for the production of a 
pound of 4 percent PCM, the unit change of each section of the 
figure is interchangeable. The relative changes in feed energy 
input and milk production can be readily compared with the body 
weight changes for the respective group which are listed at 
the bottom of each figure. 
Tables 11 and 12 list the means resulting from the produc­
tion of PCM and the various constituents. These values pre-
dominently reflect the significant values obtained for milk 
production. PCM production was significantly lower for cows 
on the low level of feeding than for cows on the two higher 
feeding levels ; the high hay ration (H-75:C-25) yielded sig­
nificantly less FCM than the other ratios. 
Significantly less constituent production is seen (Table 
11) between cows consuming the low level of feeding and those 
Figure 1. Mean fat percentage, solids-not-fat percentage, 
lactose percentage and protein percentage of 12 
cows at each of the three feeding levels. (Av­
erages do not include values affected by mastitis 
or unusual environmental conditions - Holsteins 
only). 
Code on figure : High 
Medium 
Low 
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S 8.0 
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2.7 
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4-P0ST- EXPTL.-EXPERIMENTAL 
WEEKS AFTER PARTURITION 
Figure 2. Effect of hay to concentrate ratio on milk pro­
duction (4% FCM) and body weight of cows at a 
high level of feeding (feed energy input expressed 
as therms above maintenance? each line is an av­
erage of three cows - Holsteins only). 
Legend: 
Year Hay to concentrate ratio at high level 
of feeding 
H-75:C-25 H-55:C-45 H-35:C-65 H-15:C-35 
1956-57 3432 3469 3794 3444 
1957-58 3795 4073 4055 
1958-59 3911 4204 3170 4. 82 
3795 
Code on figure 
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Figure 3. Effect of hay to concentrate ratio on milk produc­
tion (4% FCM) and body weight of cows at a medium 
level of feeding (feed energy input expressed as 
therms above maintenance; each line is an average 
of three cows - Holsteins only). 
Legend: 
Year Hay to concentrate ratio at medium level 
of feeding 
H-75:C-25 H-55:C-45 H-35:C-65 H-15:C-85 
1956-57 3921 3908 2982 3722 
1957-58 3911 3170 2963 4045 
1958-59 3958 4055 4142 3493 
Code on figure 
- WEIGHTJLB._ ENER(^Y INPUT THERM/DAY 
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Figure 4. Effect of hay to concentrate ratio on milk produc­
tion (4% FCM) and body weight of cows at a low level 
of feeding (feed energy input expressed as therms 
above maintenance ; each line is an average of three 
cows - Holsteins only). 
Legend: 
Year Hay to concentrate ratio at low level of 
feeding 
H-75:C-25 H-55:C-45 H-35:C-65 H-15:C-85 
1956-57 3911 3880 3170 3641 
1957-58 4010 4024 4054 4093 
1958-59 4139 4045 4024 4054 
Code on figure 
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Figure 5. Mean milk production (4% FCM), feed energy input 
and body weights of 12 cows at each of three 
feeding levels. 
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on the medium and high levels. Pat production also shows 
this trend but the differences are not great enough to be con­
sidered significant, although the differences between the high 
and low levels approach significance at the 5% level. 
The SNF, protein and lactose production of cows on the 
high hay ration (H-75:C-25) are significantly lower than those 
of cows on the other ratios. Higher production of protein 
(significant at P <.05) on the high grain (H-15:C-85) ratio 
than on the H-55:C-45 ratio reflects the results of higher per­
centage of protein as well as higher milk production on the 
high grain ration. The SNF and lactose production reflect 
this trend though the differences are not statistically sig­
nificant. The significant differences in fat production shown 
in Table 12 are attributable to increased milk production in 
that fat percentage was not found significant with added grain 
in the ration. 
The Experimental Period - Incorporation 
of the Brown Swiss Results 
As described earlier in this study, the lack of replica­
tion in the Brown Swiss breed combined with the dispropor­
tionate distribution over the 3-year period has presented a 
problem of satisfactory incorporation of the response of this 
replication into the results of the experiment. 
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It was felt that both breeds could be incorporated into 
the analysis of the data provided their persistency could be 
established as being the same. The covariance technique in 
turn should tend to eliminate year as well as ability differ­
ences and thus a routine analysis could be accomplished. The 
persistency of the breeds was evaluated using a technique sug­
gested by Bonner (1935) considering the regression coefficients 
of the FCM on time as an approximate rate of change of the lac­
tation curve. This approximate technique applied to 57 Hol­
stein and 24 Brown Swiss lactation records from cows freshen­
ing during the fall season and fed normal herd winter rations 
provided no evidence that the persistency indexes of the two 
breeds were different. 
Lennon and Mixner (1958) proposed a method of calculating 
the persistency index using the exponential expression 
Mt = Moe~kt 
where 
M^. = milk production at time t 
M0 = milk production at parturition 
t = time of observation 
k = persistency index. 
The value, k, was converted to a positive value P; 
P = 100 - 100k 
and was subjected to the appropriate analysis of variance to 
determine breed differences. Once again, no evidence was ob­
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tained to indicate differences between the two breeds in 
their persistency. 
Figure 6 graphically presents the average FCM production 
of the animals used in the persistency determination, illus­
trating the similarity of the curves for the two breeds and 
further compares these lactation curves with the average FCM 
production obtained from the experimental animals in each breed. 
Electronic machine computations were completed on some of 
the key constituents and the results obtained from this least 
square analysis were used to justify extension of inferences 
from the Holstein replication to the Brown Swiss breed. Table 
13 presents a comparison of the mean squares and nF" values of 
the various variance components between the method of least 
square estimation calculated on the electronic computor (all 
animals) and the Holstein computation. It must be recognized 
that slight bias may be introduced in the results when a mis­
sing value technique is employed. Correction can be made by 
adjustment of the treatment sum of squares (Snedecor, 1956), 
or by adjustment of the variance for the treatment mean 
(Kempthorne, 1952) described earlier. Since a technique is 
not described for the adjustment of the treatment sum of squares 
for bias when using a covariance analysis of the data, a com­
parison of mean squares and "F" values is difficult. The mag­
nitude of the residual mean square for the least square and 
Figure 6. PCM production of experimental Holstein and Brown 
Swiss over all treatments (weekly plots) and 
composite of herd Brown Swiss and Holstein (month 
ly plots) showing a similar decline in production 
between the two breeds and the likeness of the 
experimental and regular herd animals. 
Legend : 
Holstein Brown Swiss 
Experimental cows o o o o o o 
Herd cows x x x x x x 
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Table 13. Comparative mean squares and "F11 values of the 
components of variance for SNF, protein and fat 
percentage in the milk as calculated for all ani­
mals (machine computations) and the Holstein 
replications (with missing value); comparisons 
are made considering the period from weeks 5-12 
inclusive of the experimental period 
Source of All animals Holstein 
variation d.f. Mean square "F" Mean square ,,FM 
SNF percentage 
Year 2 0.145 3.69 0.1588 5.41 
Breed (B) 1 0.063 1.61 
Treatment (T) 11 0.056 1.42 0.0729 2.49 
Ratio (R) 3 0.0560 1.91 
Level (L) 2 0.1740 5.94 
R X L 6 0.0505 1.72 
B X T 11 0.0162 0.41 
Error 21 0.0393 ~(20)a 0.0293 — — 
Regression coefficient 
Protein percentage 
0.7283 0.617 
Year 2 0. 1459 9.32 0.1524 11.20 
Breed 1 0. 225 14.38 
Treatment 11 0. 0204 1.30 0.0358 2.64 
Ratio 3 0.0355 2.61 
Level 2 0.0742 5.46 
R X L 6 0.0274 2.02 
B X T 11 0. 0189 1.21 
Error 21 0. 0157 —(20)3 0.0136 --
Regression coefficient 0.596 0.511 
Fat percentage 
Year 2 0. 1170 1.8 0.1774 3.32 
Breed 1 2. 172 33.5 
Treatment 11 0. 467 0.72 0.0844 1.58 
(0.0755)b (1.41: 
Ratio 3 0.0942 1.76 
Level 2 0.1231 2.30 
R X L 6 0.0665 1.25 
B X T 11 0. 106 1.63 
Error 21 0. 0649 —(20)a 0.0535 — 
Regression coefficient 0.264 (ns) 0.135 (ns) 
^Degrees of freedom for error. 
^Mean square has been adjusted for bias introduced by 
missing value technique. 
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the Holstein analysis was found to be similar when compari­
sons of the compositional data were considered. Comparisons 
of the residual mean square by use of a two tailed "F" test 
indicated no basis for considering the values to be from sepa­
rate populations. 
The similar magnitude of the regression coefficients and 
the lack of significance of the "F" ratio for the breed by 
treatment interactions gives assurance that the breeds do not 
react differently in the experiment or to the treatments im­
posed. In view of the above similarities in the results, of 
the two analyses it is considered reasonable to interpret the 
values obtained from the Brown Swiss cows in light of the in­
terpretation of the Holstein replications. 
Table 14 lists the adjusted means for the Brown Swiss 
breed calculated for weeks 5 to 12 inclusive of the experi­
mental period. The adjustments were made using the regres­
sion coefficient obtained on the Holstein replications in 
view of the similarities noted above. The percentage com­
position of the milk from the Brown Swiss cows appears to 
follow the trends established by the Holstein replicates. 
The Brown Swiss cows show higher percentages of SNF and 
protein on the high feeding level than on the low feeding 
level. Increasing grain in the ration also apparently caused 
a rise in the percentages of SNF and protein. 
Table 14. Summary of the average milk and milk constituent production of the 
Brown Swiss animals for weeks 5-12, inclusive, of the experimental 
period 
Adjusted ratio means Adjusted level means 
Constituent 75:25 55.45 35:65 15:85 High Medium Low 
Milk (test day) 244 .8 238. 5 
pounds per 
274.5 309.1 
week 
278.9 274. 8 259 .0 
PCM 229 .4 245. 9 242.8 270.0 
pounds per 
243.8 
month 
252. 6 244 .8 
Fat 25 .35 36. 59 36.55 39.50 36.80 38. 16 36 .04 
SNF 83 . 6 87. 1 86.8 112.0 99.6 91. 2 86 .4 
Protein 33 .41 33. 68 37.32 40.12 37.11 36. 09 35 .20 
Lactose 46 .32 45. 93 49.41 56.10 
percentage c< 
51.00 
omposition 
49. 44 47 .42 
SNF 8 .79 8. 84 8.78 9.08 9.02 8. 86 8 .76 
Protein 3 .35 3. 41 3.42 3.59 3.50 3. 42 3 .40 
Lactose 4 .75 4. 74 4.58 4.66 4.76 4. 61 4 .68 
Fat 3 .72 3. 62 3.47 3.29 3.74 3. 43 3 .41 
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An analysis was not accomplished using the least square 
technique on any of the constituent production figures, there­
fore no sound basis is available for making comparisons be­
tween the two breeds. Inspection of the means (Table 15) 
shows the cows on the high feeding level produced more of 
protein, lactose and SNF than the low feeding level. Re­
sults of feeding the high grain ration are well above the 
mean of the other rations in the production of all constitu­
ents. These results are in good agreement with the results 
of the Holstein breed. 
The Experimental Period - Efficiency of Production 
Using the results of the Holstein breed only, an evalua­
tion was made of the efficiency of production calculated as 
a "Net" efficiency, considering 
. _ Energy in the milk 
y Energy in the feed consumed less maintenance 
allowance 
The energy in the milk was calculated using the constitu­
ent analysis and milk production on the inclusive test days 
over the period from weeks 12 to 21 (week 3 to 12 after the 
application of the treatments). The energy in the milk was 
based upon the complete chemical analysis, was estimated us­
ing energy conversion figures suggested by Perrin (1958), and 
was calculated according to the following formula: 
E = 9.IIP + y(6.3 8TN) + 3.95L 
79 
where 
E = calories/lOO g. milk 
F = percent fat 
TN = percent total nitrogen 
L = Percent lactose 
TN = percent protein/6.38 (in this experiment). 
y = 5.52 for the cow 
Rearranging the above formula to obtain the total energy 
produced we have Ex = 2 [41.32Fi+25.04Pi+17.92Li] Mj_ 
where 
Ex = total energy produced (Calories) 
P = percent protein 
M = pounds of milk produced 
i = respective test day week. (13, 15, 17, 19, 21) 
The estimated energy in the feed was calculated from the 
energy furnished in the hay and grain, respectively, less 
that not consumed in the refused hay. The NE values for the 
hay and grain were estimated from Morrison1s (1956) Appendix 
tables I and II; the DE in the feed was based upon the evalu­
ation of the NRC (1956) Table 3. A summary of these estimates 
is listed in Table 15, which also includes the approximate 
chemical analysis as determined by averaging the analyses 
of periodic samples. The total hay and grain consumed are 
listed in Tables 31 and 32 in the appendix; the refused hay 
is found in Appendix Table 33. 
Maintenance allowances were estimated from Morrison's 
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(1956) Appendix Table III, using the "usual" allowances for 
maintenance based upon the average of the weekly weights 
taken through the period. 
An efficiency index was calculated using the estimated 
DE and NE values for the respective feeds and maintenance 
allowance to determine the effect of the respective treat­
ments upon feed utilization. Since efficiency appears to be 
dependent upon the cow's ability and body weight changes (Brody, 
1945 and Bloom, 1955) a multiple covariance technique was em­
ployed to evaluate and allow for these factors in the calcu­
lation. 
The efficiency values obtained in this study were not de­
pendent upon the body weight change as demonstrated by the 
insignificant regression coefficient, even though the average 
weight loss was about 5 pounds and ranged from a gain of 75 
pounds to a loss of 80 pounds during the previously described 
10-week period. On the other hand, the regression value for 
adjusting producing ability was highly significant when con­
sidering either the ENE or EDE calculations, and was used in 
adjusting the respective mean. Table 16 summarizes the av­
eraged efficiency indexes and compares the values adjusted 
for the producing ability by use of Duncan's (1955) multiple 
range test. These results (Figure 7) clearly show the de­
creased efficiency of the ration utilization with higher levels 
Table 15. Average approximate analysis and energy evaluation (FNE and EDE) 
of hay and grain used during the experiment 
Inclusive 
dates fed Protein E.E. Ash 
Crude 
fiber NFE 
Estimated 
NE 
energy value 
DE 
H&Z (percent - dry matter basis) 
(Therms/100 lbs.- dry 
matter basis) 
11/5/56 to 1/30/57 16.30 1.97 7.89 30.68 43.16 44.0 111.6 
2/1/57 to 6/1/57 13.18 2.35 6.53 35.88 42.05 40.5 108.3 
9/1/57 to 5/10/58 16.69 1.01 7.13 36.64 38.52 42.5 110.5 
9/1/58 to 2/20/59 15.84 1.12 6.70 38.39 37.91 40.0 108.3 
2/21/59 to 5/Ï/59 18.72 1.32 6.98 34.44 38.07 43.5 112.7 
Weighback 11.92 1.13 7.49 42.83 36 .63 25.0 100.0 
Grain 
11/5/56 to 6/1/57 19.61 3.74 7.04 8.04 61.57 82.0 163.4 
9/1/57 to 5/10/58 19.74 2.86 6.50 8.20 62.70 82.0 163.4 
9/1/58 to 5/1/59 18.06 3.44 5.82 7.84 65.20 81.7 163.3 
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Table 16. Relative efficiency of energy utilization for 
milk production (Iiolsteins only) as affected by 
level of feeding and hay-concentrate ratioa 
Method of Production efficiency by ratios Standard error 
evaluation 7 5 . 3 5  55=45 35:65 15:85% of treatment 
me an 
Net energy 1.049 1.040 1.063 1.045 0.021c 0.026b 
Digestible 
energy 0.403 0.429 0.481 0.522 0.015 0.019 
Production efficiency by levels 
High Medium Low 
Net energy 0.946 1.050 1.154 0.018 0.023 
Digestible 
energy 0.412 0.457 0.508 0.013 0.016 
aMeans are adjusted for production ability and compared 
using Duncan's (1955) multiple range test. Those means not 
underscored by a common line are significantly different from 
each other. 
^Includes allowance for missing value. This standard 
error is for comparing treatment means which include a missing 
value. 
^Standard error here is for comparing treatment means 
which do not include missing values. 
of feeding and these changes are of about the same magnitude 
for both efficiency calculations. The DE efficiency index 
shows significant differences between the low and high hay 
rations, the former being more efficient, whereas the ENE 
efficiency calculations are more nearly clustered around the 
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mean value and show no real differences. These results are 
in agreement with those of Bloom (1955) and Elliot and Loosli 
(1959) who found that the ENE calculations more nearly ac­
counted for the energy in the different ratios while EDE cal­
culations resulted in an apparent overevaluation of the pro­
ductive energy content of the hay. Reports of several workers, 
quoted in the literature review, note the diminished return 
per unit of added feed as the level of feeding increases. 
Figure 7. Efficiency of production expressed over the various 
hay-concentrate ratios and levels of feeding. 
(Efficiency ratios are based upon estimated net 
energy - NE, and digestible energy - DE.) 
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DISCUSSION 
The Relationship of Feeding Regime and 
Composition of the Milk 
In the present study the quantity and quality of milk 
were markedly affected by plane of nutrition and to a limited 
extent by hay to concentrate ratio. To a degree these re­
sults support the findings of Bloom e_t aJL. (1957) in that most 
responses were similar in nature. The latter, however, found 
that ability had a much greater influence than feeding level 
on F CM production responses. Since Bloom ejfc _al. (1957) 
measured only the fat content of the milk, FCM was the best 
estimate that could be made of energy output in the milk. 
Since ability overshadowed level of feeding in Bloom's study, 
it would seem probable that some changes occurred in the SNF 
fraction as the cows were shifted to the various ratios and 
levels. Therefore, in the current study one of the primary 
considerations was an estimation of the effects of rations 
similar to Bloom's et évl. (1957) upon the various milk con­
stituents. 
The results in this study do lend support to Bloom's 
hypothesis that some of the unaccounted for energy considered 
to be in the milk may in fact not be there because of lowered 
levels of the constituents making up the SNF fraction. The 
protein content fell with the decreasing levels of nutrition. 
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The lactose content was also lower at the medium and low 
feeding levels when compared with the high feeding level. 
This means that underfeeding is responsible for the lowered 
constituent content. In comparing the results of cows of 
varying ability at a similar feeding level, the high ability 
cow will most likely be the underfed animal of the pair. The 
results of the present study, although not directly applicable 
to Bloom's ejt al. (1957) results, will explain part of the un­
accounted for energy in added production of the high ability 
cows. 
A higher percentage of protein (about 0.15%) was found 
in the milk of cows fed high grain rations (H-15:C-85), when 
compared to the higher hay groups. (H-75:C-25, H-55:C-45, 
Table 9). This difference is reflected in the higher SNF per­
centage (0.20%) of the high grain groups when compared to the 
others. Balch e_t al. (1954c) reported that changing dairy 
cows from a normal herd ration to a high level of concentrates 
composed largely of flaked corn, and 4 pounds of hay resulted 
in a 0.48% increase in protein percentage of the milk. 
Balch et al_. (1954c) reported an increased energy con­
sumption among the cows when they consumed the ration causing 
the higher percentage of protein in the milk. This was also 
observed in the present study, (in that additional energy 
was consumed with added grain in the ration). If the slightly 
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increased feeding level confounded with a reduced forage level 
in this study was causing the observed alteration in protein 
and SNF percent a rise should be noted with each succeeding 
ratio change ; however, the differences in protein percent were 
wide between the high and low hay groups and the SNF change was 
characterized by a rather constant percentage on the lower 
grain ratios with a sharp rise to the high grain ratio mean. 
Although the above results do not agree with results re­
ported by Powell (1938, 1939), Peters <st al. (1959), Shaw et. 
al. (1959), Stoddard et al. (1949) and Balch et al. (1955) it 
is felt the potential for increased milk solids production de­
serves further consideration in light of the changing emphasis 
on nonfatty constituents in the milk. Rations containing from 
5 to 35% energy from hay need to be studied for compositional 
changes with a special effort to maintain isocaloric consump­
tion above maintenance. 
Results of this study clearly demonstrate the limita­
tions in "stomach capacity" of the high producing dairy cow 
fed a ration composed primarily of hay. Bloom et. aJL. (1957) 
observed a similar inability of the animal to consume the 
ration necessary to supply the established energy level on the 
H-75:C-25 ratio. This resulted in significantly lowered pro­
duction of PCM. Morris et al. (1958), Putnam and Loosli (1959) 
and Loosli and Putnam (1958) noted increased dry matter con­
sumption as the level of concentrate feeding was increased 
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when rations were offered ad libitum. 
These limitations in consumption are probably a function 
of harvesting conditions which have a marked effect on the 
palatability and nutrient value of the forage. Reid (1956) 
points out that hays harvested at an early stage of growth 
are consistently consumed in greater amounts and have a higher 
nutritive value than more mature hays. This is in agreement 
with a study by Smith et. 1*1 • (1958) in which early cut hays 
were fed. Kelkar ejfc a^L. ( 1950) using twins found it necessary 
to supplement a poor quality (number 3) alfalfa hay with added 
concentrate to attain results comparable to a number one 
alfalfa hay. These reports and the results of the present 
study suggest that investigation of the response on various 
qualities of hay might prove rewarding and demonstrate the 
value of harvesting early cut forages. Moreover, the limita­
tions imposed by the forage might be quite different if very 
high quality forages were substituted for the type of hay em­
ployed in this study. 
Pelleting part of the diet offers another means for in­
creasing roughage consumption. Meyer ejt al_. (1959) concluded 
that pelleting added to the palatability and consumption of 
an all-alfalfa ration by sheep. Blosser e_t aJL. (1952) found 
no advantage in consumption of pelleted hay over chopped or 
finely ground hay with dairy cows when it supplemented rations 
containing hay and silage. Milk production was higher among 
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cows fed the pelleted hay than those receiving finely ground 
hay. Bringe e_t al. (1958) found no difference in intake, 
milk production or body weight change when he compared long 
hay, large-size pellets and field-baled hay in dairy rations. 
Effects on milk composition must receive careful attention if 
pelleted forages are the primary source of roughage. 
Design of Experiment 
Two major alterations were made in the experimental de­
sign of Bloom (1955) for use in the current study which, it 
is felt, have added to the efficiency of the experiment. In­
sofar as possible the normal barn feeding period (approxi­
mately September to May) was used for the experiment with the 
experimental animals selected from cows freshening between 
September 1 and January 5. Also a shorter experimental (treat­
ment) period was employed (12 weeks). These restrictions 
avoided the summer period when appetite is reduced, high 
roughage rations are less acceptable, and milk production is 
depressed by the added difficulty of heat dissipation. 
A 3-week delay after application of treatments is neces­
sary before observations can fully express treatment effects 
upon milk composition (Waite, 1959 and Burt, 1958) while milk 
production changes will have exceeded 90 percent of the treat­
ment response in this period (Blaxter, 1956a). The 12 week 
period used in this study therefore provides ample time for 
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expression of treatments and gives an opportunity for re­
peated sampling to reduce within cow variation. A 12-week 
experimental period also provides time for establishment of 
the representative body weight changes though the period may 
be somewhat short for efficiency calculations. 
The Brown Swiss breed was incorporated into the design 
of this experiment; but since only a single replication was 
employed, it was difficult to incorporate the Brown Swiss 
data into the interpretation of the results. Future work in 
which more than one breed is to be utilized should involve a 
sufficient number of each breed to establish a proper error 
term for each. 
Variations in body weight can be reduced by modifying 
the present method. Allen (1946) found that minimum weights 
were obtained just before feeding and that this procedure re­
duced variation to a minimum. Also using the mean of weights 
taken over 2 or 3 consecutive days will reduce variation (Bart 
lett, 1926; Allen, 1946; Burt, 1958). In studies with ob­
jectives similar to the present study in which efficiencies 
are evaluated, accurate, standardized, periodic weighings are 
impôrtant, with particular emphasis being placed on the re­
sults of starting and terminal weights of the respective meas­
urement periods. These weights could be used directly or a 
best fitting line developed for estimation of a true body 
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weight change over a period of time. In spite of the degree 
of standardization employed, errors still exist. 
Efficiency of Production 
The data on FCM production described in the Results sec­
tion indicates a "diminishing return" in the energy utiliza­
tion with added increments of energy intake ; similar situa­
tions also have been described by Jensen ejb al_. (1942) ; 
Jawetz, (1956); Blaxter (1950, 1956a, b, 1958); Holmes et al. 
(1957); Burt, (1959c); and Hardison, (1959). Table 17 shows 
the diminishing response in production with increasing levels 
of feeding, calculated before and after making allowance for 
body weight changes. Allowance for body weight change was 
made by applying the respective adjustment figures calculated 
by Knott e_t al_. ( 1934) to the average gain or loss in body 
weight which results in even lower increments of response at 
the higher levels. The value 1.20 is somewhat in excess of 
the theoretical maximum (1.0). In resolution of this differ­
ence the following possible explanations are worthy of con­
sideration: 
1. The method for obtaining body weights for the cows 
may have introduced some error (see previous portion of this 
section for suggestions fir improving weight measurements). 
2. The ENE values selected for the feeds may not have 
been the best estimates of actual NE value. 
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Table 17. Input-output energy relationships (response of 
energy production to added energy supplied in the 
feed, Holstein only. Figures are an average from 
weeks 12 to 21, inclusive ; weeks 3 to 12, in­
clusive, after initiation of treatments) 
Feed energy Energy Body weight Adjusted 
Level of above maint., in milk, change, energy,3 
feeding therms/day therms/day pounds/day therms/day 
High (H) 14.12 13.65 +0.01 13.68 
Medium (M) 12.08 12.99 +0.06 13.15 
Low (L) 10.26 12.15 -0.35 10.97 
Increase of 
H over M 2.04 0.66 0.53 
M over L 1.82 0.84 2.18 
Ratio of: Increase in milk energy/increase in feed energy 
Without adjustments for Adjusted for body 
body weight changes weight1 changes 
H over M 0.32 0.25 
M over L 0.46 1.20 
^Energy in milk t adjustment for body weight change 
(see text). 
3. The estimates used for adjustment of the energy bal­
ance for body weight gain or loss during the experimental 
period may not be accurate for use with these data. 
Net energy is considered the ideal measure for estima­
tion of the useful energy of a feed since by definition it 
evaluates usage of energy in terms of expenditure and storage. 
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However, direct determination of the NE value is time con­
suming, expensive and requires special equipment. Therefore, 
it is customary to use an estimated NE value which is based 
upon collective information and is an average value which of 
necessity must be applied to several physiological functions. 
Morrison (1956), in describing the ENE values in his Appen­
dix tables, states : "the ENE values were estimated as fol­
lows (1) by taking into account comparative results of feed­
ing trials, (2) by using results from direct energy deter­
minations (3) by using Frap-s productive energy values (PE) 
and (4) by the application of some intelligent judgment rela­
tive to feeding values of feeds." Estimated NE values are 
non-specific and are applied to many body functions which are 
recognized to use energy with different efficiency. Blaxter 
(1958, 1956) compares the relative worth of NE as follows : 
maintenance 1.00; milk production, 0.95; fattening, 0.63 ; 
muscular work, 0.40; and growth, 1.08. Net energy values may 
also be influenced by the associative effect of the feeds as 
well as the individuality of the cow. (Venge, 1956 ; Bonnier, 
1948). 
Hardison (1959) and Garrett e_t al. (1958) suggest that 
DE may be preferable to TON and digestible dry matter for 
many energy evaluations because of the simplicity and accuracy 
of its calculation. Estimated NE is still recognized as the 
best evaluator of feeds when adjustments are to be made in 
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ratios of hay to concentrate. However, since DE is based 
upon a direct calculation less subject to empirical assump­
tions, it can be used to select the proper quality designa­
tion of the feedstuff concerned for the appropriate ENE 
evaluation as opposed to use of the comparative proximate 
analysis. In'using Morrison's (1956) tables, and other simi­
lar tables, all the information available must be used to 
make the best possible selection for the feed in question. 
In a study of the efficiency of the cows in the present 
experiment, an evaluation was made of the appropriateness of 
the estimates usedfor body weight adjustment. Efficiency was 
expressed as: . 
Efficiency = 
Ef-Em-(3.4SG)+(2.69L) 
where 
Ep = milk energy in therms 
Ef = feed energy in therms 
Em = energy required for maintenance 
G = weight gain in pounds 
L = weight loss in pounds . 
The theoretical value of this ratio is 1.0. 
Calculations were made on all cows for the 3-week pre­
liminary period and for each of the three consecutive 4-week 
periods in the experimental phase. The values ranged from 
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0.664 to 2.309, even with the exclusion of the first 4 weeks 
of the experimental period, when treatment effects were be­
coming established. 
The efficiency values were considered from many differ­
ent aspects in an attempt to resolve the wide range in the ef­
ficiency figures. Only the Holstein breed was considered to 
simplify the interpretation of the results. Also the calcu­
lated efficiency values were grouped with respect to the 
demonstrated producing ability of the animal, the effect of 
the year, the trends of the treatment effects, the weight 
used for calculation of maintenance requirements, and the 
relative magnitude of body weight changes. 
A relationship of productive ability to efficiency of 
the animal was detected. This association has been reported 
by Bloom (1955). When animals were arbitrarily divided ac­
cording to the amount of weight lost or gained, efficiency 
seemed to be directly related to gain (Table 18). These re­
sults caused speculation as to the validity of the present 
figures for making energy adjustments for body weight change 
but the reasons for this apparent irregularity are not clear. 
Development of new conversion factors based upon the 
present data was not possible even with inclusion of similar 
experimental data from Bloom's (1955) work. Uncontrolled 
factors which may have entered into the calculation are: 
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Table lb. Comparison of efficiency values (including an 
allowance for body weight change) as affected by 
relative magnitude of weight change 
Class of 
weight loss Prelim. period Exptl. period - 2nd 4 weeks 
or gain 
lbs. 
No. 
cows 
Effi­
ciency 
No. 
cows 
Effi­
ciency 
+20 1 1.52 3 1.66 
+6 to 20 6 1.35 11 1.14 
-5 to +5 6 1.14 10 1.04 
-20 to -6 11 0.98 5 1.01 
-35 to -21 9 0.94 4 0.83 
-35 2 0.862 3 0.87 
(1) the approximate nature of the ENE values, (2) the un­
certainty of the use of the energy, that is, the nature of 
the gain or loss in body weight, (3) the age of the cow and 
her requirement for gain, (4) the probable difference in ef­
ficiency due to the different feeding intensities employed, 
(5) the associative effect of the feeds and (6) inherited 
efficiency differences. 
Because methods for estimating the changes in body sub­
stances and rumen fill are still in the developmental stages, 
it is difficult to successfully evaluate milk production fac­
tors and body composition simultaneously. 
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Suggestions for Further Study 
Suggestions have been incorporated into the Discussion 
section which should improve the design used in this experi­
ment and should offer possibilities for developing and ex­
panding this and related fields of research. Each experiment 
of this type presents considerable data and eventual consolida­
tion will gradually add to the scientific and economic aspects 
of dairy cattle feeding. Further studies in this area which 
incorporate some of the almost infinite treatment possibili­
ties are needed to furnish information necessary for the de­
velopment of more accurate "production functions" insofar as 
input-output relationships in dairy cows are concerned. 
The alteration of rumen volatile fatty acid content as­
sociated with a shift in hay concentrate ratios (Elliot and 
Loosli, 1959 ; Shaw et^ aJL., 1959 ; and Ensor ejk al., 1959) 
might be closely allied with variations in milk production 
and composition and efficiency of energy utilization observed 
in this study. Blaxter (1958) lists certain optimum ratios 
of the volatile fatty acids in the rumen for maintenance and 
fattening, though no figures are available for efficient milk 
production. A study of the correlation of the relative propor­
tion or concentration of volatile fatty acids found in the ru­
men of cows consuming various hay to concentrate ratios with 
the milk production and milk composition could demonstrate a 
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relationship which might shed some light on the differences 
detected in this study and would establish the optimum fatty 
acid ratios for milk production. A study of this type would 
require detailed chemical analysis and careful control of ex­
perimental animals. 
The results of the present study and others, indicate 
that the present factors for conversion of weight gain or 
loss are inadequate. Only by an accumulation of much data 
obtained under we11-controlled conditions, in properly de­
signed experiments, will more adequate conversion factors be 
developed. 
As more attention is directed toward the SNF components 
of the milk, the need for more information on the effect of 
the various nutritional factors becomes increasingly important. 
Further intensification of efforts in this direction is needed. 
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SUMMARY 
Hay and concentrates in four ratios (75:25, 55:45, 
35:65, 15:85) were fed to lactating cows for 12 weeks, 
starting 64 days after parturition. Each of the 4 rations was 
fed at a high, medium and low level of feeding. Thirty-six 
Holstein and twelve Brown Swiss cows freshening between Sep­
tember 1 and January 5 were randomly allotted to the 12 hay: 
concentrate-feeding level positions, over a 3-year period. 
The total feed energy for production was predetermined and 
partitioned into decreasing weekly quantities. Feeding was 
based on net energy recommendations for maintenance and pro­
duction. Biweekly determinations of milk composition were 
made starting about 2 weeks before initiation of the experi­
mental rations and continuing for 2 weeks after the end of the 
experimental period. 
The Brown Swiss breed had no replication and was unevenly 
distributed over the 3 years, therefore, incorporation of 
these animals into an analysis of the complete group was in­
appropriate except by a least squares analysis requiring 
machine computations. Consequently, the results are inter­
preted on the three Holstein replications with a calculated 
missing value inserted in the 1958-59 year. 
Milk production, fat-corrected milk and production of 
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milk constituents were lower for cows fed at a low level than 
at the other feeding levels. Less production was also ob­
tained from cows consuming a high hay (75:25) ration than the 
other ratios. Body weight changes were independent of ration 
after the first 2 weeks of the experimental period. Energy 
intake over the ratios increased slightly with increasing grain 
in the ration, but the major difference in energy consumption 
over the ratios was that the cows on the high hay ration were 
unable to consume their allotted rations. 
Protein percentage was higher in the milk of animals fed 
high grain rations. However, both protein and lactose per­
centages in the milk were affected to a greater extent by 
feeding level than by ratio of hay to concentrate ; as plane of 
nutrition increased, the levels of these constituents increased. 
Neither ratios nor feeding levels significantly affected fat 
percentage. Differences in the means for fat percentage were 
rather substantial, but not significant because variation with­
in groups of cows was great. 
Production efficiencies based upon a net efficiency cal­
culation showed increased efficiency as the level of feeding 
was reduced. This demonstrates a diminished response of milk 
production per unit of added energy intake above maintenance 
with increasing levels of feeding. Net efficiencies calculated 
using estimated digestible energy were influenced by the ratio 
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of hay to concentrate as well as by the level of feeding, in 
contrast to no appreciable response to the ratios when calcu-
x-
lations were based on net energy. 
Since conventional figures employed for adjustment of 
body weight changes in the present study appeared inadequate, 
conversion values were derived for individual animals. The 
variation in the derived values was great, however, thus limit­
ing their application. 
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Table 19. Weekly milk production during the preliminary 
period 
Cow Weeks after parturition 
no. Ration 3 4 5 6 7 8 9 
1956 -57 Holstein 
3432 75:25H 415. ,4 425. ,4 364 .0 417. 8 409. ,5 415 .8 419. 5, 
3931 75:2 5M 481. ,0 456. 3 463 .0 442. 2 426. . 6 389 .1 224. ,8% 
3911 75:25L 386. ,7 415. 1 430 .7 437. ,8 432. ,7 432 .5 427. 2 
3469 55:45H 366. . 3  388. ,2 407 .2 397. ,5 394. ,0 399 .2 394. 1 
3908 55:4 5M 423. 6 431. 9 409 .5 415. 4 402. 6 413 .4 407. 1 
3880 55:451 345. 7C 353. 6 396 .4 401. 8 417. 0 400 . 8 401. 5 
3794 35:65H 429. 2 442. 5 443 .8 438. 5 423. 9 414 . 6 404. 5 
2982 35:6 5M 481. 5 488. 7 453 .5 417. 9b 460. 1 491 .9 483. 2 
3170 35:65L 489. 3 484. 6 477 . 6 505. 8 494. 2 520 . 6 527. 9 
3444 15:85H 415. 0 429. 2 428 .1 413. 6 420. 3 450 .2 442. 1 
3722 15:85M 336. 4 360. 5 402 .1 415. 7 343. 7 365 .2 375. 5 
3641 15:85L 437. 0 463. 0 453 .0 475. 3 464. 0 476 .8 457. 7 
1957--58 Holstein 
3795 75:25H 423. 8 466. 5 473 .0 499. 1. 478. 3 468 .2 462. 2 
3911 75:25M 399. 3 415. 0 352 .2 384. 4b 370. 4 393 .2 388. 5b 
4010 75:25L 322. 4 333. 0 315 .2 319. 7 338. 6 330 .3 322. 9 
4073 55:45H 388. 1 397. 5 402 . 6 378. 0 387. 0 376 . 6 385. 3 
3170 55:45M 358. 2 379. 0 395 .1 397. 0 412. 5 361 .5 373. 1 
4024 55:45L 361. 4 367. 7 364 .2 357. 8 349. 6 331 .4 353. 4 
4055 3 5:6 5H 418. 0 463. 0 453 .0 452. 7 443. 4 422 .1 417. 6 
2963 35:65M 380. 7 386. 2 373 .9 353. 2 363. 8 358 .5 355. 0 
4054 35:65L 377. 5 409. 4 399 .1 358. 2 391. 3 383 .0 379. 0 
4045 15:85M 384. 8 367. 5 405 .8 426. 1 425. 2 433 .8 442. 0 
4093 15:85L 301. 1 324. 0 334 .0 329. 6 329. 1 335 .4 335. 5 
1958-•59 Holstein 
3911 75:2511 284. 9 399. 0 410 .5 419. 1 416. 7 416 .0 398. 2 
3958 75:2 5M 344. 7 343. 1 348 .3 339. 8 341. 9 344 .9 346. 3 
4139 75:25L 309. 8 311. 2 319 .2 316. 0 311. 6 299 .3 293. 5 
4204 55 :45H 323. 9 322. 4 308 .8 272. 7 281. 5 274. 9 293. 5 
4055 55:4 5M 456. 2 431. 3 441 .7 437. 8 404. 6 408 .8 406. 1 
4045 55:45L 352. 7 361. 5 378 . 3 393. 6 385. 7 392, .0 394. 2 
aFirst figure is percent of energy furnished as hay; 
second figure is percent energy furnished as concentrate. 
H = high feeding level, M = medium, L = low. 
^Animal had mastitis. 
cAnimal had acetonema. 
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Table 19. (Continued) 
Cow 
no. Ration3 
Weeks after p arturition 
3 4 5 6 7 8 o 
3170 35:65H 330. 8 331 . 7 352 .4 364. 1 368. 8 377. 6 375. 5 
4142 35:65M 294. 3 298. ,3 289 .9 297. 1 268. 1 254. 7b 224. 2b 
4024 35:651 335. 7 325. ,9 324 . 3 330. 7 340. 7 317. 5 310. 8 
4082 15:8 5H 237. 6 257. 4 251 .1 353. 6 258. 1 259. 6 261. 1 
3795 15:85H 413. 9 402. 1 393 .0 403. 5 419. 6 416. 8 430. 0 
3493 15:85% 339. 2 365. 8b381 .2 373. 1 370. 5 368. 9 383. 0 
4054 15:85L 427. 4 470. 1 484 .5 466. 7 469. 1 469. 4 468. 2 
Brown Swiss 
4156 75:25H 276. 1 273. 1 273 .8 255. 2 258. 1 263. 2 270. 9 
3454 75:2 5M 402. 1 421. 4 403 .2 397. 9 369. 3 384. 8 365. 4 
4033 75:25! 308. 9 331. 9 347 .2 342. 1 312. 6 322. 6 328. 3 
3536 55:45H 305. 9 300. 1 313 .9 313. 4 315. 9 306. 3 299. 3 
3628 55:45M 361. 2 392. 4 408 .5 396. 4 383. 5 384. 2 366. 4 
3659 55:45! 465. 6 499. 1 485 .7 469. C 442. 0 406. 2 390. 1 
4009 35:65H 283. 9 283. 8 270 .3 270. 6 279. Ç 277. 8 268. 7 
3141 35:6 5M 360. 3 375. •5 363 .7 368. 6 354. 6 324. 4 339. 8 
3659 35:65! 369. 5 349. 0 355 .0 373. 7 396. 396. 2 396. 7 
3536 15:851-1 356. 0 325. 6 335 .0 333. 0 328. 3 315. 3 323. 6 
3141 15:85K 348. 0 343. 1 313 .2 312. 3 294, 3 309. 5 289. 8 
3459 15 :S5L 330. 1 341. 8 354 .9 375. 7 288. 5 324. 1 316. 0 
Table 20. Body weight changes during the preliminary period 
Cow Keeks after parturition 
no. 1 2 3 4 5 6 7 8 9 
1956-•57 Holstein (pounds) 
3433 1240 1181 1259 1246 1219 1237 1215 1204 1228 
3921 984 952 916 911 919 935 940 865 887 
3911 1177 1161 1162 1147 1137 13 53 1133 1155 1153 
3469 — — 1707 1701 1660 1615 1612 1597 1601 1649 
3908 1252 1252 1205 1211 1142 1150 1169 1144 1154 
3880 1197 1158 1079 1082 1100 1112 1095 1120 1123 
3794 1268 1223 1243 1170 1166 1203 1174 1220 1182 
2982 1393 1335 1367 1310 1270 1278 1288 1245 1294 
3170 1512 1536 1473 1468 1460 1493 1458 1446 1390 
3444 1251 1220 1230 1183 1167 1182 1177 1135 1205 
3722 — — — ** 1274 1283 1275 1288 1263 1280 1253 
3641 1394 1433 1445 1428 1408 1416 1384 1450 1389 
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Table 20. (Continued) 
Cow 
no. 
Weeks af ter parturition 
1 2 3 4 5 6 7 8 9 
1957-58 Holstein 
3795 1296 1302 1253 1206 1209 1220 1210 1177 1220 
3911 1227 1243 1212 1227 1194 1206 1205 1233 1243 
4010 1275 1304 1271 1276 1270 1297 1279 1254 1321 
4073 1097 1096 1107 1117 1117 1122 1087 1101 1100 
3170 1464 1375 1391 1382 1396 1362 1389 1447 1387 
4024 1005 1092 1124 1092 1116 1080 1086 1114 1126 
4055 1233 1187 1258 1229 1228 1232 1203 1157 1219 
3963 1275 1283 1280 1212 1261 1248 1295 1265 1255 
4054 1144 1148 1158 1138 1140 1153 1148 1136 1129 
4045 1271 1258 1212 1203 1219 1193 1209 1182 1138 
4093 1240 1209 1228 1233 1182 1196 1197 1184 1156 
1958-59 Holstein 
3911 1262 1241 1230 1244 1238 1258 1250 1258 1234 
3958 1110 1081 1046 1058 1045 1015 1022 1025 1032 
4139 994 1018 1022 1013 998 983 971 968 990 
4204 1017 996 1005 978 964 987 1004 1010 1015 
4055 1263 1287 1275 1300 1286 1255 1257 1288 1301 
4045 1250 1255 1284 1266 1230 1256 1247 1232 1237 
3170 1433 1526 1503 1460 1505 1483 1510 1429 1455 
4142 1170 1194 1126 1125 1118 1108 1092 1056 1072 
4024 1170 1124 1109 1128 1126 1162 1123 1140 1143 
4082 1169 1091 1095 1136 1078 1133 1157 1195 1136 
3795 1243 1248 1252 1232 1233 1234 1216 1210 1200 
3493 1297 1280 1235 1259 1283 1217 1212 1264 1267 
4054 1313 1264 1265 1288 1246 1225 1230 1223 1222 
Brown Swiss 
4156 1204 1210 1190 1185 1178 1184 1192 1210 1214 
3454 1297 1305 1288 1293 1300 1297 1318 1295 1300 
4033 1275 1266 1264 1256 1270 1262 1222 1245 1250 
3536 1214 1158 1230 1231 1214 1240 1222 1243 1254 
3628 1342 1310 1318 1275 1300 1325 1325 1316 1239 
3659 1331 1287 1242 1244 1268 1252 1265 1287 1228 
4009 1191 1149 1117 1190 1170 1204 1195 1173 1167 
3141 1502 1468 1440 1462 1460 1434 1507 1496 1533 
3659 1298 1187 1155 1187 1194 1193 1172 1228 1210 
3536 1262 1193 1258 1258 1260 1245 1196 1248 1220 
3141 1512 1477 1445 1466 1453 1457 1471 1475 1464 
3459 1458 1479 1423 1390 1368 1400 1388 1398 1269 
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Table 21. Dry matter consumed as grain during the prelimin­
ary period 
Cow Date of Weeks after parturition 
no. freshening 3 4 5 6 7 8 9 
1956-•57 Holstein (oounds i per week) 
3432 10-10 104.4 110. ,5 115.3 117.9 117.4 109. ,2 112.8 
3921 12-24 92.4 93. ,0 91.4 91.4 95.7 89. 0 54.6 
3911 10-8 97.5 107. ,4 112.1 113.0 109.1 102. , 6 107.0 
3469 1-5 91.4 110. ,0 104.0 97.5 103.6 107. ,9 109.6 
3908 1-1 103.6 117. , 9 101.0 91.3 91.3 97. ,4 97.4 
3880 12-26 58.8 71. 3 100.1 92.2 96.6 97. 4 97.4 
3794 12-14 111.0 107. 9 109.6 111.2 112.1 107. 9 107.9 
2982 1-5 103.5 109. 6 97.5 91.4 94.0 100. 1 103.6 
3170 10-28 112.6 108. 3 101.8 107.0 111.8 114. 9 115.8 
3444 10-31 105.2 97. 5 96.6 96.6 99.6 103. 6 107.5 
3722 12-19 — — — — 106.1 114.5 121. 9 121.9 
3641 10-15 110.9 11/3. 2 109.7 109.7 110.5 112. 2 112.8 
1957-•58 Holstein 
3795 9-27 94.3 98. 7 99.6 104.9 104.9 104. 9 104.9 
3911 9-22 104.9 104. o 104.9 104.9 104.9 104. 9 104.9 
4010 9-18 106.6 92. 5 92.5 95.2 104.0 104. 9 104.9 
4073 11-3 88.1 92. 5 92.5 92.5 92.5 94. 3 102.2 
3170 11-15 89.1 94. 3 98.7 104.9 104.9 104. 9 104.9 
4024 11-2 89.0 92. 5 90.8 86.4 86.4 87. 2 94.3 
4055 12-6 89.0 95. 2 101.4 101.4 97.8 97. 8 97.8 
2963 9-20 88.1 80. 2 80.2 80.2 83.7 86. 4 86.4 
4054 10-20 89.0 97. 8 98.7 98.7 98.7 98. 7 101.4 
4045 11-20 88.1 92. 5 92.5 96.1 99.6 98. 7 97.8 
4093 12-8 90.8 95. 2 101.4 98.7 97.8 97. 8 97.8 
1958-59 Holstein 
3911 9-3 90.6 89. 7 94.1 96.8 107.3 109. 1 99.4 
3958 9-14 73.9 73. 9 73.9 73.9 75.6 81. 8 80.0 
4139 9-7 86.2 77. 4 86.2 81.8 80.9 73. 9 78.3 
4204 9-28 77.4 77. 4 80.0 74.8 73.9 80. 0 85.3 
4055 11-11 103.8 102. 9 100.3 98.5 98.1 98. 1 98.1 
4045 11-18 92.4 98. 5 98.5 98.1 98.1 98. 1 98.1 
3170 10-24 104.7 103. 8 102.9 104.7 104.7 104. 7 104.2 
4142 9-11 86.2 81. 8 80.9 85.3 78.3 80. 9 61.6 
4024 11-23 86.2 80. 0 79.7 79.7 83.2 79. 7 78.7 
4082 9-1 74.8 85. 3 76.5 74.8 80.9 78. 2 81.8 
3795 10-8 95.9 96. 8 94.1 95.0 104.7 104. 7 104.7 
3493 9-28 77.4 83. 6 88.0 92.4 92.4 98. 5 98.5 
4054 11-19 94.1 98. 5 98.1 98.1 98.1 98. 1 96.9 
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Table 21. (Continued) 
Cow Date of Weeks after parturition 
no. freshening 3 4 5 6 7 8 9 
Brown Swiss (pounds per week) 
4156 9 -29 -58 80. 9 80. 0 85. 3 86. 2 86. 2 88. 8 92. 4 
3454 12 -31 -56 104. 3 109. 6 107. 0 105. 2 103. 6 103. 6 103. 6 
4033 o -29 -58 82. 7 91. 5 98. 5 98. 5 98. 5 101. 2 104. 7 
3536 10 -28 -56 110. 1 115. 8 112. 2 108. 7 111. 3 111. 8 112. 7 
3628 11 -27 -56 103. 2 109. 7 109. 7 109. 7 109. 7 109. 7 109. 7 
3659 11 -28 -56 106. 6 109. 7 109. 7 109. 7 109. 7 109. 7 109. 7 
4009 10 -23 -57 86. 4 86. 4 89. 0 96. 1 98. 7 98. 7 104. 0 
3141 11 -14 -56 112. 3 112. 3 112. 8 112. 8 112. 8 112. 8 112. 8 
3659 11 -17 -57 87. 3 82. 0 89. 1 91. 7 91. 7 92. 6 97. S 
3536 10. -30 -57 91. 7 96. 1 100. 5 104. 9 104. 9 104. 9 104. 9 
3141 11 -10 -57 81. 1 91. 7 94. 3 93. 7 99. 6 104. 9 104. 9 
3459 9' -27 -57 92. 5 92. 5 99. 6 104. 0 98. 7 98. 7 98. 7 
Table 2 2 .  Dry matter consumed as hay during the preliminary 
period 
Cow Date of Weeks after parturition 
no. freshening 3 4 5 6 7 8 9 
1956-•57 Holstein (pounds ; per week) 
3432 10-10 179. 1 186. 0 197. 8 199. 4 195. 0 134. 0 190. 9 
3921 12-24 150. 4 154. 4 151. 8 156. 0 161. 2 152. 1 94. 7 
3911 10-8 167. 8 180. 0 192. 2 193. 6 185. 8 176. 2 134. 1 
3469 1-5 156. 1 182. 4 168. 5 168. 5 178. 0 133. 2 179. 0 
3908 1-1 173. 4 174. 7 120. 3 151. 0 156. 7 167. 7 167. 7 
3880 12-26 83. 4 121. 7 157. 8 153. 2 164. 0 166 . 5 166. 5 
3794 12-14 185. 2 179. 8 185. 2 184. 3 180. 2 182. 2 174. 9 
2982 1-5 175. 0 175. 0 154. 4 156. 6 160. 9 173. 8 177. 2 
3170 10-28 188. 4 180. 6 169. 4 184. 2 186. 6 197. 0 198. 5 
3444 10-31 172. 9 166. 0 160. 0 162. 7 157. 9 180. 9 173. 8 
3722 12-19 - - - - 182. 2 196. 2 205. 0 209. 4 
3641 .10-15 185. 2 190. 2 130. 9 186. 3 183. 2 191. 0 192. 6 
1957-•58 Holstein 
3795 9-27 160. 2 169. 3 171. 0 181. 2 182. 4 131. 9 131. 4 
3911 9-22 132. 7 181. 9 131. 3 181. 9 180. 6 182. 6 181. 5 
4010 9-18 133. 6 158. 1 158. 0 162. 1 178. 9 132. 3 182. 1 
4073 11-3 153. 0 157. 8 3 57. 5 156. 0 155. 7 160. 2 174. 4 
3170 11-15 154. 3 159. 6 ]68. 0 180. 5 179. 6 180. 1 178. 2 
4024 11-2 153. 3 157. 3 155. 8 150. 0 149. 7 151. 6 171. 0 
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Table 33. (Continued) 
Cow Date of '.eelcs after parturition 
no. freshening 3 4 5 6 7 3 
1957-58 Holstein (Continued) (pounds per week) 
4055 12-6 153.  ,0 161. 2 171. 0 171. 4 168.  4 167. 4 168.  2 
2963 9-20 154.  6 139.  6 139. 1 139.  1  145. 8 153. 0 151. 6 
4054 10-20 153. 169.  . 6 169.  4 169.  9 169.  6 168.  0 173. 8 
4045 11-20 151. 8 156.  0 156. 4 163.  0 168.  1  168.  6 168.  4 
4093 12-8 155.  0 162.  4 173.  3 169.  1  168.  4 168.  2 168.  0 
195S -59 Holstein 
3911 9-3 154. 3 157. o 159. •S 175.  3 19 0. 1 190.  7 171. 7 
3958 9-14 126.  7 126.  3 138.  6 128.  3 130.  0 143. 7 138.  9 
4139 9-7 150.  0 133.  6 150.  3 144.  4 142. 3 138.  6 136.  7 
4304 9-28 135.  6 135.  3 138.  6 128.  9 126.  S 139.  3 149.  2 
4055 11-11 179. 4 178.  7 173.  7 171. 5 169.  5 168.  6 169.  4 
4045 11-13 159.  3 170. 4 170. 7 169.  1 169.  7 168.  1 167. 0 
3170 10-24 131. 3 180.  0 177. 6 182.  1  182.  3 183.  7 181. 6 
4143 9 - j. 1 147.  7 141.  7 140. 6 152.  2 136.  1  141. 3  135.  1  
4034 11-23 152.  0 140.  8 139.  2 138.  5  146. 1 137. 4 136.  7 
4082 9-1 127. 8 148.  3 131. 9 128.  0 142.  6 137. 1 136.  9 
3795 10-8 166. 1 166.  5 160.  5 161.  5 183.  3 180.  S 182.  8 
3493 9-28 135.  6 147. 5 151. 5  158.  5 157.  0 169.  6 169.  0 
4054 11-19 161.  9 170.  4 170.  7  169.  1  169.  7 168.  1  167. 0 
Brown Swiss 
4156 9-29-48 142. 3 140. 6 149. 0 152. 4 151. 0 154. 0 157. 0 
3454 12-31-56 182. i  184.  4 183. 1 178. 0 178. 4 179. 9 179. 8 
4033 9-29-58 146. 1  159. 8 168.  8 170. 7 169.  1  174.  8 181.  1  
3536 10-38-56 190. 3  201.  0 194.  0 185. 3 187. 2 192.  4 195. 0 
3628 11-27-56 174. 0  188.  8 188.  8 188.  8 186.  2 185.  3 188.  8 
3659 21-23-56 182.  0 188.  8 187. 6 187. 6 188.  S 188.  8 186.  2 
4009 10-23-57 151. 9 151. 7 153. 6 165.  0 169.  1  163. 4 178. 0 
3141 11-14-56 192.  3 194. 0 194.  0 193.  1  194.  0 190. 2 194.  9 
3659 11-17-57 147.  1  14 1.. 7 154.  2 157.  6 156. 2 157.  7 165.  0 
3536 10-30-57 157.  3 163-9 173. 7 181.  2 180.  4 179.  8 181. 5 
3141 11-10-57 141. 3 156.  7 157. 7 167.  7 170. 5 179.  5 178.  3 
3459 9-27-57 157.  9 157. 2 171. 0 179.  5 170.  2 169.  8 169.  3 
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Table 23. Dry matter (hay) not consumed (weigh-back) during 
the experimental period 
Cow 
no. 
Weeks after parturition 
Ration 3 4 5 6 7 8 9 
1956-•57 Holstein (pounds per week) 
3432 75:251-1 3.5 7.0 3.5 1.7 
3921 75:25M 7.8 5.7 4.8 0.4 3 .9  16.5 11.7 
3911 75:25! 4.3 
3469 55:45H 0.4 5.2 10.5 2.6 1.3 7.8 
3908 55:4 51-1 6.5 10.5 29.6 5.6 0.9 0.9 
3880 55:45! 23.5 0.4 16.1 5.2 3.0 2.2 2.2 
3794 35:65H 3.9 6.1 1.3 5.2 11.7 2.6 10.4 
2982 35:65% 5.6 11.7 13.5 0.9 3.5 
3170 35:651 3.5 3.5 5.2 4.4 
3444 15:851-1 6.1 2.6 7.0 4.3 15.2 0.9 
3722 15:851.1 5.6 1.3 
3641 15:851 4.8 1.7 6.1 5.2 0.9 
1957-•58 Holstein 
3795 75:251-1 2.6 1.7 1.7 
4010 75:251 7.0 3.0 2.6 1.7 
4073 55:45K 4.3 1.7 1.7 1.7 3.4 2.6 
3170 55:451-: 4.3 2.6 1.7 1.7 4.3 2.6 
4024 55:45! 2.6 1.7 14.7 5.1 2.6 5.2 7.7 
2963 35:65% 11.4 4.3 
4054 35:651 1.7 2.6 4.3 1.7 
4045 15:831 2.6 5.1 1.7 7.7 
4093 15:851 0.9 1.7 5.9 
1958-59 Holstein 
8.7 
3911 75:25H 3.4 
3958 75:25% 15.7 17.4 
4139 75:251 8.7 1.7 
4204 55:45Ii 26.1 6.0 2.6 
4055 55:45% 2.6 17.3 6.1 0.9 1.7 
4045 55:451 3.5 9.5 5.2 0.9 2.6 
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Table 23. (Continued) 
Cow Weeks after parturition 
no. Ration i A < A 7 a 
1958-59 I-Iolstein (Continued) (pounds per week) 
3170 35:65H 19.0 19.0 7.8 6.1 13.0 14.0 4.3 
4142 35:65% 8.6 16.5 54.4 
4024 3 5:6 5L 7.8 7.9 4.3 0.9 6.0 5.1 
4082 15:85H 1.7 
3795 15:85H 6.9 24.2 9.4 1.7 9.5 10.4 
3493 15:S5H 2.6 3.5 2.6 
4054 15 :S5L 0.9 10.4 3.5 
Brown Swiss 
4156 75:251-1 5.2 15.7 7.8 9.5 3.4 
3454 75:25% 0.9 4.3 3.0 6.4 4.3 3.0 3.0 
4033 75:25L 4.3 2.6 
3536 55:45H 2.6 5.2 0.9 
3628 55:45% 6.9 3.6 3.5 
3659 55:45L 3.4 1.3 1.3 3.6 
3141 35:65% 1.7 0.9 1.7 0.9 4.8 
3659 35:65L 27.9 
3459 15:S5L 4.3 2.6 
Table 24. Weekly milk production during the experimental 
period 
Cow Weeks after parturition 
no. Ration3 10 11 13 13 14 15 
1956-57 Holstein (pounds per week) 
3432 75:25H 376. 5 375. 4 365 .8 358.  5 327. 3 318. 6 
3921 75:25% 268.  9 261. 0 263 .7 273.  4  282.  7 273.  8 
3911 7 5:2 5L 389.  2 380.  1  348 .3 337. 9 320. 3 391. 0 
3469 55:45H 383.  4 367.  0 368 .0 370.  7 365.  6 355.  3 
3908 55:45% 390. 0 382.  0 373 .0 371.  6 369.  4 363.  4 
3880 55:45L 340. 2 326.  5 306 .1 298.  7 308.  5 298.  2 
aFirst figure is percent of energy furnished as hay; 
2nd figure is percent energy furnished as concentrate. H=high 
feeding level, M=medium, L=low. 
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Table 24. (Continued) 
Cow Weeks after parturition 
no. Ration3 TT5 TÏ 12 13 14 I? 
1956 -57 Holstein (pounds per week) 
3794 35-.65H 383.  6 397.  ,3 367.6 359.3 360. .6 351. ,5 
2982 35:65% 461.  .1  436. 7 438.7 431.7 406. 0 345. ,6b 
3170 35:65! 402. 7 416. 2 424.1 405.5 432. 4 398.  ,7 
3444 15:85I-I 458.  3 443. ,1  434.8 403.3 401. ,4 401. ,4 
3732 15:85% 360.  -8 383.  .6 373.4 373.4 363.  ,1  362.  1  
3641 15:851 441. .1 401. .1  414.2 374.9 380.  ,3 386.  0 
1957 • - 5 8  Holstein 
3795 75:2511 415. ,5 370.  9 369.8 371.2 364.  0 341. 0 
3911 74:25% 350. 8 351. 5 324.1 323.9 373.  3 314. 2 
4010 75:251 310. ,2 277. 0 363.0 249.7 239.  5 257. 8 
4073 55:45H 364.  8 377. 5 345.0 342.1 340. 4 339.  5 
3170 55:45% 355. 0 341. 9 336.9 326.0 300.  2  292.  6 
4024 55:451 317. 2 380.  8 369.0 250.7 251. 2 237.  8 
4055 35:65H 420.  3 430. 0 431.2 420.8 408.  9 397.  6 
2963 35:65% 347. 4 3 59. 5 358.3 362.8 344. 4 348.  8 
4054 35:651 360. 9 363.  6 325.5 317.6 310. 8 306.  0 
4045 15:85% 450. 7 474. 2 448.9 436.0 407. 5 404. 9 
4093 15:851 330.  S 308.  2 291.6 285.3 248.  5 211. 0C 
1958--59 Holstein 
3911 75:25H 372.  9 296.  2  244.6 260.6 267.  0 266. 4 
3958 75:25% 322.  9 266. 0 359.7 260.1 273.  7 272.  5 
4139 75:251 270. 9 234. 6 209.9 217.5 221. 5 225.  4 
4204 55:45H 303.  0 294.  9 310.1 320.6 319.  0 303.  2 
4055 55:45% 397.  6 383.  7 393.4 381.9 372.  3 363.  2 
4045 55:451 373.  3 351. 4 336.3 323.9 312. 0 319. 8 
3170 35:65H 379.  4 387. 7 383.3 376.2 360.  4 369.  4 
4142 35:65% 191. 5C 336.  7 364.3 273.3 265.  1  262.  5 
4024 35:651 336.  2 333.  5 312.0 316.7 319. 3 332.  9 
4082 15:8511 282.  0 394.  3 300.9 294.5 281.  9 283.  9 
3795 15:85H 460. 3 447.  1  445.3 427.5 426.  3 416.  8 
3493 15:85% 396.  1  415. 7 420.6 419.3 407. 1 394.  7 
4054 15:851 462.  9 462. 7 429.7 423.7 410. 1 403.  7 
aFirst figure is percent of energy furnished as hay; 2nd 
figure is percent energy furnished as concentrate. H=high 
feeding level, %=medium, L=low. 
b~ 
Animal was sick. 
cAnimal had mastitis. 
133 
Tabic 24. (Continued) 
Cow 
no. Ration' 16 
Weeks after parturition 
17 18 19 20 21 
1956-57 Holstein (pounds per week) 
3432 75:25H 311. 4C 299. 6e 395.  6 269.  0 e  386.  8  368.  8 
3931 75:25% 259.  2 263. 1 263.  1  241. 9 335.  3 236.  C 
3911 75:251 368.  1  380.  1  266. 9 393.  1  273.  1  368.  3 
3469 55:45H 359.  1  356.  1  355. 7 349.  8 359.  0 334.  1  
390S 55:34%. 349.  ic 346.  RC 355.  5 343.  5e 328.  7 335.  2 
3880 55:45L 264.  1  28S. 3 373.  1  351.  2 253.  3 255.  3 
3794 35:65% 351.  8 340.  8 333.  6 337.  3 310. 5 308.  4 
2982 35:65?.  382.  8 375.  o 353.  6 365.  2 346.  5 357.  0 
3170 35:65L 395.  7 383.  8 384.  S 333.  4 323.  Ç 335. 3 
3444 15:85K 396.  5C 389.  3 363.  4 363.  9 337.  2 347.  1  
3722 15:85% 375.  S 351. 8 354. 7 346.  S 339.  o 323.  5 
3641 15:85L 366. 5 349.  4 337. 0 355.  2 348.  i  336.  1  
1957-•58 Holstein 
3795 75:25K 315.  7 330.  5 316.  1  317.  0 303.  Ç 393.  9 
3911 75:25^ 275.  5  365.  4 363.  3 254.  0 242.  c  247.  3 
4010 75:25L 243.  6 341.  1  219.  9 215.  9 202.  6 316.  3 
4073 5 5:4 5H 326.  8 333.  7 333.  1  316.  S 314.  0 139. 61 
3170 55:45% 396.  2 394.  5 382.  5 284.  S 388.  1  368.  3 
4024 55:45L 236.  S 337.  7 333.  0 233.  3 223.  6 319.  3 
4055 35:65H 387.  i  398.  S 390.  8 384.  7 391.  1  370.  1  
2963 35:65% 330.  3 303.  5 305.  o 357.  3 261. 2 342.  8 
4054 35:65L 307.  5  391.  •S 391.  ~> 374.  0 273.  5 349.  0 
4045 15:85% 403.  0 381. 3 383.  4 388.  0 373.  0 390.  6 
4093 15:85L 131. 4e 176.  0e 187. 1 201.  8 192. 9 191. 9 
1958-59 Holstein 
3911 7 5:2 5H 258.  4 358.  2 363.  8 259.  S 364.  2 363.  o 
3958 75:25% 269.  4  345.  4  345.  6 254.  1  348.  9 24 7. c 
4139 75:25L 222.  9 316.  3  203.  6 214. o 306.  5 203.  1  
4304 55:451-1 299.  4 308.  6  309.  7 301. 0 399.  1  390.  1  
4055 55:45% 363.  7 346.  2  341. 9 336.  4 335.  1 310.  0 
4045 55:45L 325.  3 314. 4 302.  3 288.  6 378.  9 269.  2 
3170 35:65H 347.  0 348.  3 335.  9 333.  3 323.  6 312. 2 
4142 35:65% 258.  6 353.  3 250. 0 243.  7 241. 6 240.  5 
4024 35:65L 333.  2 318. 0 310. 7 300.  8 287.  s 287.  7 
4082 15:85H 277.  6 377.  2 377.  9 367.  o 370.  7 367.  6 
3795 15:85H 409.  4 405. o 404.  6 387.  7 370.  4 379.  9 
3493 15:85% 390.  i_ 383.  0 391.  6 391.  3 352.  6 361.  i 
4054 15:851 402.  1  393.  0 385.  9 349.  0 345.  8 330.  1  
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Table 24. (Continued) 
Gov: Weeks after parturition 
no. Ration3, Year TO TÏ 12 13 T5 T5 
Brown Swiss (pounds per week) 
4156 75 :35H 58 -9 349.  1  234.  0  339.  4 235.  S 213.  6 215.  4 
3454 75 :25M 56 -7 334.  4 393.  7 390.  8 293.  9 392.  4 286.  4 
4033 75 :25L 58 -9 293.  8 275.  8 275.  0  370.  5 258.  2 251.  6 
3565 55 :45K 56 -7 291.  8 373.  5 260.  0 342.  7 342.  2 231.  6 
3628 55 : 4 5K 56 -7 343.  6 313.  3 307. 4 307. 1 383.  2 269.  1  
3659 55 :45L 56 -7 373. 9 356.  7 337.  0 325.  r  316. 5 315.  1  
4009 35 : 6 5I-I 56 -7 275. 1 385.  0 284.  2 285.  8 368.  6 275. 9 
3141 35 :65K 57 — 3 331.  Ç 305.  7 317. S 305.  5 300.  1  280.  9 
3659 35 :65L 56 -7 376.  6 333.  2 315. 1 267.  0 375.  7 261. 5 
3565 15 :85H 57 — S 336.  4 331. 2 314. 0 306.  2 313. 1 393.  9 
3141 15 :85A' 57 -8 308.  4 337.  0 320.  0 315. 4 320.  5 306.  6 
3459 15 :85L 57 -8 398.  7 383.  5 305.  9 289.  0 291. 1 296.  2 
16 17 IS 19 20 21 
4156 75 :25H 58 -9 205. 6 188.  5 205.  6 198. 0 183. 8 176.  3 
3454 75 :25M 56 -7 274.  7 285.  8 302.  4 386.  5 378.  8 254. 0 
4033 7 5  :25L 58 -9 229.  9 242.  4 240. 2 235.  6 328.  4 326.  2 
3565 5 5  :45H 56 -7 239.  0 240. 2 233.  8 212.  6 308.  0 222.  2 
3628 5 5  :45M 56 -7 266.  1  265.  4 267.  6 249.  1  234.  8 210.  0 
3659 5 5  :45L 56 -7 307.  4 308.  2 307. 4 287.  0 281.  3  284.  6 
4009 3 5  :65H 56 -7 278.  6 279.  6 374. 4 270.  5 276.  6 256.  2 
3141 35 :65M 57 -8  277.  9 280.  8 393.  5 297.  1  279.  7 276.  6 
3659 35 :65L 56 -7 257. 6 281. 5 386.  8 276.  8 257.  8 236.  8 
3565 15 : 85H 57 -8 308.  4 285.  9 383.  3 275. 9 263.  6 273.  1  
3141 15 :85M 57 -8 302.  8 304. 8 291. 7 391.  5 373.  6 286.  1  
3459 15 : 85L 57 -8 265.  7 266.  8 363.  5 359.  3 343.  0 236.  6 
Table 25. Milk production on days milk samples were taken for analysis 
Cow 
no. Year Ration a 11 
Weeks after parturition 
g_ 13 15 17 21 23 
(Daily milk yield, pounds) Holstein 
3432 
3921 
3911 
3469 
3908 
3880 
56-57 
56-57 
56-57 
56-57 
55-57 
56-57 
75:25H 
75:25M 
75:25L 
55:458 
55:45L 
55:45L 
59.0 
58.7 
64.6 
55.5 
59.6 
60 .8  
58.0 
46.6 
59.0 
55.4 
53.0 
56.8 
54.0 
39.0 
52.1 
53.0 
55.0 
47.5 
44.0 
38.8 
46.8 
50.6 
53.4 
42.0 
47.0 
38.0 
41.5 
48.0 
52.5 
41.0 
43.0 
39.5 
36.3 
52.0 
51.0 
43.0 
42.0 
32.9 
40.0 
52.0 
51.7 
38.0 
39.5 
37.0 
35.0 
46.5 
49.8 
33.8 
43.3 
43.0 
38.0 
44.0 
39.0 
37.7 
3794 56-57 35:65H 60. 6 58. 0 52. 0 48. 5 50. 5 48. 6 48. 5 42. 5 40. 0 
2982 56-57 3 5 i 6 5M 70. 5 68. 6 59. 5 61. 3 52. 0 52. 0 50. 0 52. 0 46. 0 
3170 56-57 35:65L 73. 0 75. 5 52. 6 55. 0 52. 4 51. 8 48. 5 46. 0 48. 0 
3444 56-57 15:85H 64. 0 63. 4 61. 1 56. 0 56 . 7 52. 0 51. 5 48. 5 38. 5 
3722 56-57 15:85M 47. 0 51. 5 51. 4 53. 4 52. 5 49. 6 49. 0 50. 0 20. 0b 
3641 56-57 15-.85L 68. 5 67. 5 65. 0 52. 0 56. 4 43. 6 48. 5 47. 2 45. 3 
3795 57-58 75:25H 69. 8 63. 5 56. 0 51. 5 46. 0 46. 0 45. 0 42. 0 46. 0 
3911 57-58 75:25M 53. 3 57. 0 52. 5 48. 2 44. 0 35. 0 37. 5 34. 5 44. 0 
4010 57-58 75:25L 49. 0 46. 5 - 39. 0 36. 0 34. 5 30. 0 30. 3 32. 5 34. 0 
4073 57-58 55i45H 56. 5 55. 4 56. 3 49. 0 48. 0 48. 0 45. 0 b 38. 0 
3170 57-58 55:45M 56. 0 50. 8 47. 0 44. 0 41. 0 41. 5 41. 0 40. 0 41. 8 
4024 57-58 55:451 51. 4 49. 5 37. 6 34. 0 33. 3 36 . 0 30. 0 33. 0 43. 5 
aFirst figure is percent of energy furnished as hay; second figure is percent 
energy furnished as concentrates. H=high feeding level, M=medium, L=low. 
^Animal had mastitis. 
Table 25. (Continued) 
Cow 
no. Year 
Weeks aftei : parturition 
Rations 7 9 11 13 15 17 19 21 23 
Holstein (Daily milk yield, pounds) 
4055 57-58 3 5:6 5H 61. 0 60. 5 58. 5 58.0 58.0 58.0 56.4 56.0 51. 0 
2963 57-58 35:65M 50. 0 51. 0 51. 0 49.5 46.7 43.5 38.4 33.0 39. 5 
4054 57-58 35:65L 56. 3 54. 5 51. 0 43.4 43.0 42.0 39.0 35.2 32. 0 
4082 58-59 15-.85H 38. 0 37. 5 42. 6 43.5 41.0 40.3 36.6 37.5 37. 1 
4045 57-58 15:85M 64. 0 61. 2 63. 0 61.0 55.0 52.0 58.0 58.0 50. 0 
4093 57-58 15:85L 43. 8 46. 0 44. 0 41.0 32.0 23. 0b 29.8 25.5 13. ,0 
3911 58-59 75:25H 61. 0 58. 4 30. 4 34.0 36.0 36.0 35.9 40.6 45. 0 
3958 58-59 75:25M 47. 8 51. 6 40. 5 38.4 40.7 33.5 36.4 36.2 46. 3 
4139 58-59 75:25L 42. 8 42. 6 32. 3 31.6 33.0 30.0 27.5 31.4 36. 0 
4204 58-59 55:45H 39. 0 42. 5 40. 3 46.4 44.5 45.0 42.5 37.0 42. 0 
4055 58-59 55î45M 59. 0 56. 3 51. 3 53.4 53.5 50.8 44.5 44.5 47. 6 
4045 58-59 55:451 56. 4 54. 7 52. 2 46.5 47.0 44.6 45.0 38.5 45. 0 
3170 58-59 35:65H 53. 5 53. 3 55. 7 54.0 53.2 49.0 44.0 42.5 42. 0 
4142 58-59 35:65M 37. 2 23. 6b 38. 0 40.0 37.0 34.8 36.7 33.0 32. 3 
4024 58-59 35:65! 49. 7 40. 7 46. 5 45.7 48.6 45.5 45.0 42.0 39. 6 
3795 58-59 15:85H 58. 4 63. 6 64. 3 60.2 55.0 57.2 53.5 54.3 46. 5 
3493 58-59 15:85M 57. 0 57. 0 57. 0 59.0 58.0 53.7 55.5 53.3 45. 4 
4054 58-59 15:85L 66. 0 62. 0 62. 4 56.5 58.5 56.0 52.0 47.0 42. 0 
cVery low production. 
Table 25. (Continued) 
Cow 
no. Year Ration3 
Weeks after parturition 
11 13 15 17 19 21 23 
Brown Swiss (Daily milk yield, pounds) 
4156 58-59 75:25H 37. 0 39. 0 32. 6 33.2 29.5 29.9 27.5 28. 3 32. 5 
3454 56-57 75:25M 56 é 0 52. 3 43. 3 40.1 39.3 42.0 39.5 41. 5 41. 0 
4033 58-59 75î25L 47. 4 47. 0 37. 0 48.7 38.3 34.1 32.6 32. 5 35. 6 
3536 56-57 55:45H 43. 6 41. 0 38. 2 36.0 31.6 34.0 28.4 30. 4 31. 7 
3628 56-57 55:45M 56. 0 51. 0 44. 7 44.6 36.5 42.0 36.3 31. 5 35. 5 
3659 56-57 55î45L 57. 0 57. 4 54. 0 46.4 46.5 43.0 40.5 46. 2 43. 0 
4009 57-58 35:65H 44. 0 38. 0 42. 0 40.5 37.5 39.5 40.0 40. 0 38. 0 
3141 56-57 35:65M 31. 0D 46. 0 45. 6 44.4 39.2 39.8 41.3 38. 3 39. 3 
3659 57-58 35:65L 58. 0. 57. 0 52. 0 42.0 36.0 40.7 41.5 33. 0 37. 0 
3536 57-58 15:85H 41. 0d 44. 0 43. 2 45.0 47.5 40.0 38.0 40. 0 37. 6 
3141 57-58 15:85M 39. 0 40. 5 47. 8 44.7 43.5 44.0 41.0 41. 0 38. 0 
3459 57-58 15:85L 40. 6 46. 0 54. 8 37.0 41.0 37.8 36.2 34. 4 35. 0 
^Animal in heat. 
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Table 26. Body weight changes during the experimental period 
Cow Weeks after parturition 
no. Ration8 10 11 12 13 14 15 
1956-57 Holstein (pounds per week) 
3432 75:25H 1195 1223 1257 1235 1204 1203 
3921 75:25M 859 898 882 898 913 910 
3911 75:251. 1130 1128 1130 1145 1097 1123 
3469 55:45H 1594 1576 1589 1636 1573 1598 
3908 55:45M 1158 1151 1150 1097 1115 1079 
3880 55:451 1084 1069 1109 1097 1059 1091 
3794 35:65H 1181 1139 1156 1126 1123 1173 
2982 35:65M 1189 1200 1210 1228 1187 1211 
3170 35:65L 1356 1351 1332 1320 1332 1327 
3444 15:85H 1089 1092 1105 1115 1150 1131 
3722 15:85M 1222 1209 1188 1209 1204 1213 
3641 15:85L 1288 1284 1266 1297 1250 1297 
1957-58 Holstein 
3795 75:25H 1212 1188 1217 1172 1187 1162 
3911 75:25M 1228 1230 1192 1178 1202 1190 
4010 75:25! 1271 1269 1300 1292 1267 1278 
4073 55:45H 1127 1104 1097 1089 1126 1079 
3170 55:45M 1392 1313 1379 1383 1347 1376 
4024 55:45! 1124 1156 1108 1100 1156 1133 
4055 35:65H 1198 1161 1143 1163 1183 1188 
2963 35:65M 1286 1262 1290 1283 1289 1272 
4054 35:65! 1087 1108 1087 1096 1094 1116 
4045 15:85M 1126 1138 1107 1133 1177 1134 
4093 15:851 1120 1132 1127 1142 1149 1140 
1958-59 Holstein 
3911 75:25H 1202 1220 1198 1193 1208 1210 
3958 75:25M 1015 986 1010 1018 1066 1034 
4139 75:251 972 940 967 967 953 960 
4204 55:45H 1035 1025 1018 1040 953 1013 
4055 55:45M 1253 1289 1291 1252 1278 1250 
4045 55:451 1226 1247 1232 1242 1182 1203 
3170 35:65H 1414 1462 1453 1460 1432 1414 
4142 35:65M 1057 1098 1120 1138 1129 1134 
4024 35:651 1104 1147 1081 1094 1088 1097 
apirst figure is percent of energy furnished as hay; 2nd 
figure is percent energy furnished as concentrate. H=high feed­
ing level, M=tnedium, L=low. 
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Table 26. (Continued) 
Cow Weeks after parturition 
no. Ration3 10 11 12 13 14 15 
1958-•59 Holstein (Continued) (pounds per week) 
4082 15:85H 1110 1107 1116 1130 1116 1162 
3795 15:85H 1172 1175 1158 1177 1173 1197 
3493 15:85M 1256 1232 1187 1216 1197 1224 
4054 15:85L 1155 1126 1130 1105 1133 1137 
16 17 18 19 20 21 
1956-•57 Holstein (pounds per week) 
3432 75:25H 1188 1230 1174 1187 1175 1162 
3921 75:25M 884 902 908 907 892 890 
3911 75:25! 1129 1121 1114 1125 1099 1076 
3469 55:45H 1629 1599 1602 1566 1555 1601 
3908 55:45M 1104 1100 1118 1019 1146 1103 
3880 55:45! 1057 1086 1095 1090 1062 1072 
3794 35:65H 1167 1184 1145 1154 1155 1163 
2982 35:65M 1224 1185 1203 1183 1195 1190 
3170 35:65! 1305 1304 1331 1302 1298 1287 
3444 15:85H 1117 1121 1019 1091 1115 1124 
3722 15:85M 1220 1219 1208 1214 1218 1095 
3641 15:85! 1257 1285 1260 1260 1236 123C 
1957-•58 Holstein 
3795 75:25H 1183 1196 1252 1207 1287 1173 
3911 75:25M 1187 1212 1171 1196 1218 1166 
4010 75:25! 1309 1298 1205 1284 1328 1274 
4073 55:45H 1113 1096 1116 1101 1070 1083 
3170 55:45M 1378 1386 1370 1393 1351 1410 
4024 55:45! 1132 1133 1115 1134 1113 1066 
4055 35:65H 1189 1165 1162 1163 1178 1183 
2963 35:65M 1252 1286 1287 1245 1300 1286 
4054 35:65! 1134 1110 1102 1139 1111 1113 
4045 15:85M 1156 1165 1106 1103 1114 1095 
4093 15:85! 1149 1157 1142 1137 1132 1138 
1958-59 Holstein 
3911 75:25H 1173 1199 1192 1205 1234 1222 
3958 75:25M 1040 1047 1076 1061 1077 • 
4139 75:25! 988 978 958 963 964 • 
4204 55:45H 1010 1008 980 995 1050 
4055 55:45M 1264 1260 1253 1202 1253 
4045 55:45! 1205 1169 1187 1170 1156 — 
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Table 26. (Continued) 
Cow Weeks after parturition 
no. Ration3 16 17 18 19 20 21 
1958-59 Holstein (pounds per week) 
3170 35:65H 1433 1458 1449 1443 1399 — * 
4142 35:65M 1090 1142 1163 1166 1166 — — 
4024 35:65L 1128 1025 1042 1036 1040 — — 
4082 15:85H 1129 1127 1140 1161 1173 1220 
3795 15:85H 1195 1211 1222 1228 1206 — «• 
3493 15î85M 1218 1203 1247 1198 1207 — — 
4054 15:851 1133 1117 1112 1110 1112 1125 
Year 10 11 12 13 14 15 
Brown Swiss (pounds per week) 
4156 75:25H 58 -9 1210 1228 1226 1215 1225 1228 
3454 75i25M 56 -7 1294 1279 1284 1249 1300 1266 
4033 75:25L 58 -9 1232 1248 1255 1275 1258 1249 
3536 55:45H 56 -7 1225 1264 1252 1270 1240 1272 
3628 55:45M 56 -7 1328 1325 1304 1298 1336 1306 
3659 55:45! 56 -7 1244 1205 1187 1216 1173 1182 
4009 35:65H 56 -7 1196 1213 1168 1185 1213 1217 
3141 35:65M 57 -8 1436 1454 1467 1453 1451 1414 
3659 35:651 56 -7 1169 1138 1191 1170 1170 1192 
3536 15:85H 57 -8 1194 1204 1202 1174 1213 1179 
3141 15:85M 57 -8 1415 1374 1405 1422 1374 1394 
3459 15:851 57 -8 1345 1306 1332 1343 1312 1312 
16 17 18 19 20 21 
4156 75.-25H 58 -9 1270 1215 1240 1204 1253 * mm 
3454 75:25M 56 -7 1283 1302 1277 1285 1255 1257 
4033 75:251 58 -9 1240 1230 1226 1235 1237 — — 
3536 55:45H 56 -7 1290 1253 1272 1267 1267 1292 
3628 55:45M 56 -7 1307 1300 1281 1289 1266 1271 
3659 55:451 56 -7 1227 1215 1125 1179 1176 1144 
4009 35;65H 56 -7 1185 1209 1242 1243 1254 1259 
3141 35:65M 57 -8 1421 1412 1413 1423 1375 1394 
3659 35:651 56 -7 1180 1144 1153 1163 1128 1148 
3536 15:85H 57 -8 1210 1156 1197 1186 1209 1185 
3141 15:85M 57 —8 1384 1389 1392 1340 1404 1412 
3459 15:851 57 -8 1313 1296 1263 1283 1297 1327 
Table 27. Solids-not-fat content of the milk 
Cow 
no. Year Ration3 
Weeks after parturition 
y 11 13 15 17 19 21 23 
Holstein (percent) 
3432 56-57 75:25H 8.29 8.59 8.01 8.33 8.21 8.17 8.01 8.10 8.29 
3921 56-57 75:25M 7.59 7.33 7.32 7.30 7.23 7.55 8.02 7.04 7.85 
3911 56-57 75:251 8.65 8.55 8.47 8.27 8.22 8.02 8.07 8.16 8.12 
3469 56-57 55:45H 8.34 8.06 8.00 8.07 7.24 8.24 8.26 8.22 7.97 
3908 56-57 55:45M 7.83 7.70 7.80 7.38 7.71 8.34 7.73 8.28 7.95 
3880 56-57 55:451 7.44 8.33 7.91 7.81 7.84 7.77 7.50 8.33 8.37 
3794 56-57 
2982 56-57 
3170 56-57 
3444 56-57 
3722 56-57 
3641 56-57 
3795 57-58 
3911 57-58 
4010 57-58 
4073 57-58 
3170 57-58 
4024 57-58 
35 î65H 8.31 
35.-65M 8.18 
35:651 8.79 
15:85H 8.34 
15:85M 8.19 
15:85! 8.30 
75l25H 8.19 
75i25M 8.37 
75:25! 7.94 
55:45% 8.18 
55:45M 8.38 
55:451 8.20 
8.13 8.30 
8.32 8.34 
8.66 8.37 
8.45 8.48 
8.11 8.08 
8.46 8.35 
8.14 8.18 
8.32 8.10 
7.88 7.69 
8.08 8.18 
8.41 8.07 
8.21 8.31 
8.05 8.34 
8.06 8.35 
8.38 7.96 
8.68 8.48 
7.85 7.93 
8.46 8.12 
7.98 7.93 
8.19 8.14 
7.61 7.79 
8.07 8.07 
8.00 8.08 
8.02 8.23 
8.06 8.29 
7.85 7.91 
8.04 8.14 
8.42 8.57 
7.97 8.29 
8.00 8.00 
8.07 7.99 
8.15 7.99 
7.73 , 7.73 
8.08 8.23 
8.07 7.99 
8.26 8.30 
8.48 8.44 
7.72 7.86 
8.26 8.24 
8.62 8.48 
8.32 8.8lb 
7.99 8.38 
7.96 7.17 
8.44 8.35 
7.69 8.21 
~b 8.04 
7.89 8.11 
8.08 8.40 
aFirst figure is percent of energy furnished as hay; second figure is percent 
energy furnished as concentrate. H=high level feeding, M=medium, l=low. 
^Animal had mastitis. 
Table 27. (Continued) 
Cow Weeks after parturition 
no. Year Ration 7 9 11 13 15 17 19 21 23 
Holstein (pe rcent) 
4055 57-58 35:65H 8.08 7.91 8.14 8.15 8.00 8.05 7.95 7.99 7.88 
2963 57-58 35:65M 8.02 7.74 7.66 7.87 7.36 7.75 7.97 7.93 8.21 
4054 57-58 35:651 8.34 8.75 8.57 8.50 8.32 8.54 8.51 8.53 8.43 
4082 58-59 15:85H 8.91 8.61 9.34 9.88 9.21 9.39 8.92 9.20 9.24 
4045 57-58 15:85M 8.01 8.24 7.78 7.94 8.16 7.98 7.83 7.69 7.55 
4093 57:58 15:851 8.34 8.13 7.95 8.14 8.05 8.30b 8.19 8.05 8.58C 
3911 58-59 75:258 7.87 7.97 7.62 8.03 8.23 8.18 8.14 8.15 8.45 
3958 58-59 75:25M 7.70 7.80 7.71 8.09 8.09 7.99 7.98 8.14 8.47 
4139 58-59 75:251 7.80 7.99 7.65 7.55 8.08 8.18 8.05 8.13 8.71 
4204 58-59 55:4513 8.11 7.60 7.75 7.70 8.07 7.68 7.86 8.28 8.21 
4055 58-59 55:45M 7.80 8.15 8.18 7.84 7.93 8.11 7.95 7.59 8.16 
4045 58-59 55:451 8.23 8.10 8.03 7.99 8.13 8.14 7.95 7.99 8.39 
3170 58-59 35:658 8.32 8.09 8.36 8.44 8.29 8.59 8.29 8.51 8.22 
4142 58-59 25:65M 8.54 8.34b 8.75 8.49 8.52 8.45 8.67 8.78 8.52 
4024 58-59 35:651 8.31 8.43 8.34 8.17 8.09 8.07 7.93 7.84 8.48 
3795 58-59 15:85H 7.80d 8.10 8.24 7.97 8.07 8.32 7.69 8.03 8.21 
3493 58-59 15:85M 8.10 8.20 8.59 8.34 8.30 8.42 8.21 8.27 8.36 
4054 58-59 15:851 8.06 8.66 8.29 8.10 8.32 8.08 8.08 8.47 8.63 
cVery low production. 
^Estimated value for butterfat used in calculation of SNF. 
Table 27. (Continued) 
Cow 
no. Year Ration* 
Weeks after parturition 
11 13 15 17 19 21 23 
Brown Swiss 
4156 
3454 
4033 
3536 
3628 
3659 
4009 
3141 
3659 
3536 
3141 
3459 
58-59 
56-57 
58-59 
56-57 
56-57 
56-57 
57-58 
56-57 
57-58 
57-58 
57-58 
57-58 
75:258 
75:25M 
75:25! 
55:458 
55:45M 
55:45! 
35:658 
3 5:6 5M 
35:65! 
15:858 
15:85M 
15:85! 
8.98 
8.64 
9.07 
9.78 
9.56 
9.00 
8.54 
8.69 
8.96 
9.57 
9.16 
8.45 
9.18 8.83 
11.00e 9.18 
8.46 8.38 
8.97e 9.03 
8.71 8.84 
9.01 9.25 
8.76 
8.39 
8.34 
9.51 
8.85 
8.47 
9.01 
9.17 
8.31 
9.35 
9.05 
9.28 
8.51 
8.43 
8.59 
9.28 
8.80 
8.66 
9.13 
8.85 
8.38 
9.20 
8.41 
9.22 
(Percent) 
9.02 
8.57 
8.72 
9.25 
9.08 
8.29 
9.15 
8.94 
8.32 
9.03 
8.83 
9.26 
8.59 
8.10 
8.72 
9.31 
9.10 
8.38 
9.05 
8.55 
8.33 
9.28 
9.17 
9.28 
8.72 
8.63 
8.71 
9.34 
9.04 
8.66 
9.21 
8.59 
8.27 
9.22 
8.86 
9.18 
8.81 
9.08 
8.63 
9.50 
9.50 
8.63 
9.04 
9.04 
8.15 
9.08 
8.77 
9.00 
9.09 
9.02 
9.04 
9.37 
9.57 
9.10 
9.01 
8.51 
8.34 
9.20 
8.60 
9.10 
eAnimal in heat. 
Table 28. Protein content of the milk as determined at two week intervals (before, 
during and immediately after the experimental period) 
Cow 
no. Year Ration3 
Weeks after parturition 
7 9 11 13 15 17 19 21 23 
Holstein (percent) 
3432 56-57 75:25H 2.99 3.17 2.94 3.02 2.63 2.84 2.81 2.80 3.00 
3921 56-57 75:25M 2.57 2.59 2.49 2.44 2.40 2.44 2.54 2.54 2.81 
3911 56-57 75:25! 2.99 2.98b 3.06 2.79 2.88 2.74 2.78 2.84 2.83 
3469 56-57 55:45H 2.99 3.07 2.59 2.80 3.13 2.72 2.86 3.05 c 
3908 56-57 55:45M 2.58 2.55 2.55 2.51 2.60 2.74 2.54 2.63 2.64 
3880 56-57 55:45! 2.96 2.98 2.75 2.63 2.68 2.81 2.63 . 2.92 3.11 
3794 56-57 35:65H 2.85 2.86 2.69 2.88 2.98 3.01 3.06 3.01 3.37 
2982 56-57 35:65M 2.81 2.78 2.65 2.64 3.03 2.72 2.68 2.95 2.88 
3170 56-57 35:65! 2.76 2.66 2.62 2;70 2.72 2.64 2.67 2.74 2.92 
3444 56-57 15:85H 3.04 2.99 2.88 3.16 3.10 3.33 2.96 3.16 3.10 
3722 56-57 15:85M 2.88 3.01 2.95 2.80 2.88 2.75 2.78 2.88 4.17d 
3641 56-57 15:85! 2.84 2.84 2.84 2.92 2.70 2.58 2.46 2.60 2.68 
3795 57-58 75:25H 2.67 2.72 2.59 2.69 2.66 2.75 2.87 2.75 2.77 
3911 57-58 75:25M 2.95 2.91 2.87 2.92 3.10 2.98 2.94 3.23 3.18 
4010 57-58 75:25! 2.59 2.76 2.63 2.68 2.76 2.65 2.77 2.84 2.91 
4073 57-58 55:45H 2.74 2.60 2.74 2.73 2.75 2.74 2.72 d 2.96 
3170 57-58 55:45M 2.67 3.01 2.99 2.96 2.89 2.98 2.97 3.06 3.07 
4024 57-58 55:45! 2.82 2.86 2.82 2.92 2.91 2.87 2.83 2.88 3.00 
aFirst figure is percent of energy furnished as hay; second figure is percent 
energy furnished as concentrate. H=high feeding level, M=medium, L=low. 
^Estimated value 
cSample lost. 
^Animal has mastitis. 
Table 28. (Continued) 
Cow 
no. Year Ration3' 
Holstein 
4055 57-58 35:65H 2. 77 2. 79 2. 85 
2963 57-58 35:65M 2. 50 2. 61 2. 72 
4054 57-58 35:65! 3. 06 3. 25 3. 15 
4082 58-59 15:85H 3. 36 3. 17 3. 54 
4045 57-58 15:85M 2. 67 2. 70 2. 53 
4093 57-58 15:85! 2. 82 2. 78 2. 69 
3911 58-59 75:25H 2. 55 2. 59 2. 37 
3958 58-59 75:25M 2. 54 2. 59 2. 59 
4139 58-59 75:25! 2. 61 2. 68 2. 42 
4204 58-59 55:45H 2. 30 2. 47 2. 54 
4055 58-59 55:45M 2. 68 2. 78 2. 74 
4045 58-59 55:45! 2. 84 2. 72 2. 73 
3170 58-59 35:65H 2. 86 2. 3. 00 
4142 58-59 35:65M 3. 28 3. 18 3. 28 
4024 58-59 35:65! 2. 93 2. 82 2. 70 
3795 58-59 15-.85H 2. 59 2. 74 2. 81 
3493 58-59 15:85M 2. 69 2. 88 3. 10 
4054 58-59 15:85! 2. 92 2. 88 2. 77 
eVery low production. 
after parturition 
13 15 17 19 21 23 
(percent) 
2.85 
2.81 
3.16 
3.57 
2.70 
2.64 
2.74 
2.77 
2.64 
2.64 
2.73 
2.77 
2.97 
3.31 
2.75 
2.75 
2.90 
2.78 
2.80  
2 .81  
3.17 
3.58 
2.77 
2.78 
2.95 
2 .68  
2.89 
2.71 
2 . 8 0  
2.85 
3.05 
3.26 
2.76 
2.77 
3.02 
2.83 
2.87 
2.85 
3.23 
3.58 
2.77 
3.34d 
2.86 
2 .86 
2.87 
2 .80  
2.78 
2 .80  
3.07 
3.19 
2.81  
2.90 
2.94 
2.88  
2.90 
3.28 
3.20 
3.49 
2.76 
3.03 
2.94 
2.93 
2.94 
2.73 
2 .80  
2.71 
3.05 
3.31 
2.67 
2.88 
2.97 
2.85 
3.02 
3.28 
3.21 
3.45 
2.77 
2.98 
2 . 8 0  
2.98 
2.97 
2.79 
2.74 
2.69 
3.14 
3.32 
2.83 
2.88 
3.03 
3.00 
2.97 
3.11 
3.24 
3.56 
2.44 
3.43e 
2.98 
3.15 
3.24 
2.78 
2.93 
3.10 
2.94 
3.41 
2.83 
2.93 
2.93 
3.14 
Table 28. (Continued) 
Cow 
no. Year Ration3" 
Weeks after parturition 
11 13 15 17 19 21 23 
Brown Swiss (percent) 
4156 58-59 75:25H 3.08 3.11 3.09 3.11 3.27 3.18 3.37 3.35 3.47 
3454 56-57 75:25M 3.22 3.09 2.98 3.06 3.22 2.96 3.20 3.50 3.39 
4033 58-59 75:25! 3.02 3.29 2.98 3.09 3.24 3.20 3.19 3.30 3.17 
3536 56-57 55:458 3.61 3.71 3.94 3.69 3.68 3.62 3.77 3.68 3.55 
3628 56-57 55:45M 3.28 3.28 3.22 3.19 3.33 3.41 3.64 3.65 3.52 
3659 56-57 55:45! 3.13 3.07 2.89 3.00 2.92 2.98 3.09 3.25 3.23 
4009 57-58 35:658 3.41 3.41 3.51 3.52 3.72 3.56 3.64 3261 3.74 
3141 56-57 35:65M 3.89f 3.74 3.66 3.43 3.48 3.38 3.42 3.58 3.36 
3659 57-58 35:65! 3.02, 2.88 2.87 3.08 3.19 3.24 3.26 3.27 3.31 
3536 57-58 15:858 3.47f 3.42 3.55 3.44 3.48 3.60 3.46 3.70 3.66 
3141 57-58 15:85M 3.47 3.44 3.65 3.65 3.70 3.69 3.59 3.70 3.74 
3459 57-58 15:85! 3/44 3.55 3.53 3.69 3.80 3.74 3.75 3.75 3.71 
eAnimal in heat. 
Table 29. Lactose content of the milk 
Cow Weeks after parturition 
no. Year Ration3 7 9 11 13 15 17 19 21 23 
Holstein (percent) 
3432 56-57 75:25H 4.70 4.71 4.47 4.69 4.84 4.54 ' 4.51 4.53 4.72 
3921 56-57 75:25M 4.34 4.15 4.25 4.32 4.11 4.21 4.46 4.02 4.14 
3911 56-57 75:25L 4.83 4.91 4.63 4.70 4.64 4.56 4.53 4.51 4.53 
3469 56-57 55:45H 4.50 4.23 4.43 4.35 4.52 4.55 4.61 4.49 b 
3908 56-57 55:45M 4.43 4.41 4.45 4.47 4.43 4.73 4.34 4.74 4.46 
3880 56-57 55:45! 4.68 4.71 4.69 4.50 4.56 4.58 4.48 4.47 4.46 
3794 56-57 3 5 î 6 5H 4.62 4.59 4.55 4.72 4.59 4.43 4.57 4.60 4.39 
2982 56-57 35:65M 4.48 4.63 4.60 4.78 4.77 4.44 4.30 4.26 4.46 
3170 56-57 35:65! 4.68 4.69 4.74 4.57 4.51 4.55 4.48 4.48 4.50 
3444 56-57 15:85H 4.51 4.74C 4.74 4.94 4.78 4.56 5.00 4.69 4.51 
3722 56-57 15:85M 4.57 4.25 4.45 4.37 4.47 4.32 4.66 4.61 3.96d 
3641 56-57 15:85! 4.90 4.84 4.92 4.79 4.69 4.64 4.67 4.57 4.52 
3795 57-58 75:25H 4.74 4.82 4.88 4.67 4.77 4.51 4.61 4.53 4.40 
3911 57-58 75:25M 4.28 4.54 4.37 4.55 4.45 4.42 4.46 4.53 4.40 
4010 57-58 75:25! 4.43 4.48 4.36 4.45 4.30 4.19 4.46 4.34 4.33 
4073 57-58 55:45H 4.86 4.76 4.71 4.84 4.94 4.75 4.61 d 4.43 
3170 57-58 55:45M 4.62 4.77 4.55 4.49 4.60 4.45 4.57 4.50C 4.58 
4024 57-58 55:45! 4.82 4.71 4.79 4.72 4.79 4.61 4.59 4.61 4.61 
aFirst figure is percent of energy furnished as hay; second figure is percent 
energy furnished as concentrate. H=high feeding level, M=medium, L=low. 
^Sample was lost. 
(-Estimated value 
^Animal had mastitis. 
Table 29. (Continued) 
Cow Weeks after parturition 
no. Year Ration3 7 9 11 13 15 17 19 21 23 
Holstein 
4055 57 -58 35 :65H 
2963 57 -58 35 :65M 
4054 57 -58 35 :65L 
4082 58 -59 15 :85H 
4045 57 -58 15 :85M 
4093 57 -58 15 :85L 
3911 58 -59 75 :25H 
3958 58 -59 75 :25M 
4139 58 -59 75 :25L 
4204 58 -59 55 :45H 
4055 58 -59 55 :45M 
4045 58 -59 55 :45L 
3170 58 -59 35 :65H 
4142 58 -59 35 :65M 
4024 58 -59 35 î65L 
3795 58 -59 15 :85H 
3493 58 -59 15 :85M 
4054 58 :59 15 :85L 
4.61 4.40 4.49 
4.73 4.58 4.45 
4.68 4.88 4.67 
4.86 4.69 4.99 
4.73 4.57 4.60 
4.58 4.79 4.70 
4.67 4.72 4.51 
4.43 4.38 4.53 
4.61 4.67 4.66 
5.06 4.80 4.70 
4.58 4.73 4.57 
4.87 4.71 4.65 
4.64 4.74 4.84 
4.51 4.30d 4.44 
4.96 4.83 4.74 
4.53 4.63C 4.74 
4.42 4.43 4.81 
4.71 4.81 4.71 
(percent) 
4.45 4.30 4.50 
4.66 4.09 4.30 
4.73 4.70 4.72 
4.76 4.82 4.96 
4.48 4.49 4.50 
4.63 4.61 4.17d 
4.59 4.56 4.69 
4.45 4.58 4.52 
4.55 4.49 4.70 
4.82 4.92 4.87 
4.66 4.51 4.43 
4.53 4.68 4.70 
4.73 4.62 4.83 
4.70 4.54 4.52 
4.80 4.61 4.83 
4.76 4.78 4.64 
4.64 4.65 4.65 
4.58 4.59 4.44 
4.59 4.52 4.46 
4.26 4.08 4.45 
4.65 4.67 4.65 
4.91 4.51 4.90 
4.52 4.58 4.74 
4.64 4.65 4.18e 
4.68 4.43 4.73 
4.56 4.59 4.47 
4.77 4.56 4.58 
4.60 4.76 4.71 
4.56 4.24 4.35 
4.65 4.55 4.55 
4.63 4.74 4.55 
4.65 4.61 4.71 
4.62 4.87 4.80 
4.08 4.49 4.49 
4.51 4.64 4.53 
4.39 4.65 4.56 
eVery low production. 
Table 29. (Continued) 
Cow Weeks after parturition 
no. Year Ration3 7 9 11 13 15 17 19 21 23 
Brown Swiss 
4156 58-59 75:258 4.66 4.75 4.95 4.92 5.08 4.65 4.70 4.80 4.87 
3454 56-57 75:25M 4.62 4.85 4.74 4.64 4.52 4.45 4.81 4.60 4.78 
4033 58-59 75:25! 4.83 4.79 4.95 4.89 4.90 4.87 4.93 4.71 4.95 
3536 56-57 55:358 4.95 4.85 4.86 4.61 4.72 4.74 4.66 4.61 4.79 
35628 56-57 55:45M 5.10 5.08 4.83 4.87 4.82 4.88 5.05 5.10 4.66 
3659 56-57 55:45! 4.74 4.76 . 4.62 4;66 4.59 4.66 4.72 4.69 4.80 
4009 57-58 35:658 4.95 4.64 4.77 4.68 4.80 4.77 4.72 4.56 4.74 
3141 56-57 3 5:6 5M 4.36f 4.48 4.55 4.36 4.39 4.43 4.25 4.43 4.25 
3659 57-58 35:65! 4.82 4.72 4.72c 4.70 4.56 4.44 4.65 4.64 4.65 
3536 57-58 15:858 4.881 4.77 5.05 5.01 4.87 4.87 4.70 4.87 4.79 
3141 57-58 15:85M 4.40 4.83 4.54 4.23 4.34 4.52 4.43 4.57 4.52 
3459 57-58 15:85! 4.77 4.87 4.84 4.69 4.86 4.68 4.64 4.59 4.58 
^Animal in heat. 
Table 30. Fat content of the milk 
Cow 
no. Year 
Weeks after parturition 
Ration3 7 9 11 13 15 17 19 21 23 
Holstein (percent) 
3432 56-57 75:25H 3.30 2.80 2.80 3.30 3.10 2.90 2.90 3.00 3.10 
3921 56-57 75î25M 2.80 2.60 2.70 2.40 2.20 2.30 2.20 2.50 2.80 
3911 56-57 75:25! 3.00 2.90 3.00 3.10 3.10 3.60 3.20 3.40 3.50 
3469 56-57 55:45H 2.70 2.80 2.70 2.30 3.70 2.60 2.30 2.60 2.80 
3908 56-57 55:45M 3.20 3.20 3.00 3.10 2.70 3.00 3.10 2.70 2.80 
3880 56-57 55:45! 3.70 3.00 3.00 3.20 3.20 2.90 3.20 3.00 3.80 
3794 56-57 35:65H 3.40 3.50 3.40 3.50 3.40 3.50 3.50 3.50 3.60 
2982 56-57 3 5:6 5M 3.70 3.20 3,00 2.80 2.70 3.00 2.80 2.80 3.40 
3170 56-57 35:65! 2.80 3.60 4.00 2.60 3.20 2.90 3.00 3.00 3.20 
3444 56-57 15:85H 3.30 3.20 3.40 3.50 3.20 3.50 3.40 3.30 3.60 
3722 56-57 15:85M 2.30 2.80 3.30 2.80 3.10 3.00 2.90 3.10 5.20b 
3641 56-57 15:85! 3.10 3.00 2.70 3.00 3.20 2.90 3.10 3.00 2.70 
3795 57-58 75:25H 3.00 3.20 3.30 2.70 2.50 2.20 2.90 3.00 2.60 
3911 57-58 75:25M 2.20 2.90 3.30 2.55 3.20 3.00 3.00 3.40 3.05 
4010 57-58 75:25! 2.90 2.30 2.70 3.05 3.00 3.20 3.15 3.00 2.40 
4073 57-58 55:45H 2.70 2.50 2.70 2.75 2.80 2.40 2.60 b 3.20 
3170 57-58 55-.45M 3.90 3.10 2.35 3.20 3.60 2.20 3.20 3.20 3.60 
4024 57-58 55:45! 2.95 3.10 3.10 2.40 3.20 2.80 2.90 3.20 3.80 
aFirst figure is percent of energy furnished as hay; second figure is percent 
energy furnished as concentrate. H=high feeding level, M-medium, L=low. 
^Animal had mastitis. 
Table 30. (Continued) 
Cow 
no. Year Ration3" 
Weeks after parturition 
11 13 15 17 19 21 23 
Holstein 
4055 
2963 
4054 
4082 
4045 
4093 
57-58 
57-58 
57-58 
58-59 
57-58 
57-58 
35:65H 
3 5:6 5M 
35:65! 
15:85H 
15:85M 
15:851 
2.15 
3.50 
3.10 
3.10 
4.00 
2.50 
2.40 
2.80 
3.25 
3.55 
3.35 
2.00 
2.50 
2.00 
2.80 
3.25 
3.30 
3.10 
(percent) 
2.70 
3.20 
3.10 
2.80 
3.20 
2.70 
2.70 
2.60 
3.10 
3.30 
3.00 
2.50 
2.90 
2.75 
3.20 
3.15 
3.10 
3.70% 
2.90 
3.00 
3.10 
3.55 
2.20 
3.10 
2.80 
3.00 
3.10 
3.50 
3.00 
3.00 
2.90 
3.10 
3.30 
3.50 
3.10 
4. 80c 
3911 58 -59 75 :25H 3 .00 2 .95 3 .55 
3958 58 -59 75 :25M 3 .25 2 .95 3 .10 
4139 58 -59 75 :25L 3 .03 2 .55 3 .40 
4204 58 -59 55 :45H 3 .15 2 .45 3 .60 
4055 58 -59 55 :45M 2 .55 3 .20 3 .10 
4045 58 -59 55 :451 3 .05 3 .15 3 .10 
3170 58 -59 35 :65H 3 .00 2 .90. 3 .25 
4142 58 -59 35 :65M 3 .10 42.5° 2 .90 
4024 58 -59 35 :651 3 • 55 3 .28 3 .45 
3795 58 -59 15 :85H 2 .60d 2 .55 2 .40 
3493 58 -59 15 :85M 3 .45 3 .33 3 .35 
4054 58 -59 15 :851 3 .90 2 .95 2 .60 
3.50 3.35 3.05 3.10 3.20 3.85 
3.20 3.15 3.65 3.35 3.55 3.45 
3.40 3.00 3.05 3.05 3.60 3.40 
3.15 2.95 3.20 3.10 2.80 3.00 
3.55 2.50 2.60 2.95 2.75 2.70 
3.10 2.80 3.20 3.20 3.40 3.10 
3.35 3.45 2.85 3.35 3.60 3.55 
3.35 3.00 3.00 3.05 3.00 3.50 
3.30 3.35 3.35 3.35 3.70 3.70 
2.70 2.55 2.70 2.45 2.60 2.55 
2.90 3.40 3.35 3.30 3.25 3.60 
2.90 2.60 3.05 2.95 3.05 3.05 
3First figure is percent of energy furnished as hay; second figure is percent 
energy furnished as concentrate. H=high feeding level, M=medium, l=low. 
^Animal had mastitis. 
cVery low production. 
dEstimated value. 
Table 30. (Continued) 
Cow 
no. Year Ration3" 
Days after parturition 
11 13 15 17 19 21 23 
Brown Swiss (percent) 
4156 58-59 75:258 3.33 3.45 4.10 2.00 4.15 4.95 4.30 4.50 4.35 
3454 56-57 75:25M 2.80 3.00 3.50 2.70 3.20 3.20 3.40 3.10 3.60 
4033 58-59 75:25! 4.30 2.55 4.20 3.45 3.80 3.80 3.30 2.95 3.40 
3536 56-57 55:458 3.60 3.80 3.50 3.80 3.80 3.50 3.90 3.80 4.00 
3628 56-57 55:45M. 2.70 3.60 3.40 3.40 3.60 4.00 4.00 3.60 4.00 
3659 56-57 55:45! 2.00 3.30 3.40 3.00 3.60 3.10 3.30 3.20 3.30 
4009 57-58 35:658 3.10 3.00 3.55 2.40 2.70 3.60 3.70 3.70 3.10 
3141 56-57 35:65M 2.90e 3.60 3.50 3.50 3.40 3.50 3.50 3.50 3.70 
3659 57-58 35:65! 3.50 3.50 3.00 2.40 3.30 3.50 3.70 3.60 4.30 
3536 57-58 15:858 3.20e 3.60 4.00 3.70 3.80 2.50 3.40 3.50 4.00 
3141 57-58 15:85M 1.90 3.30 3.10 3.10 3.50 3.20 3.30 2.90 3.60 
3459 57-58 15:85! 2.20 2.70 4.60 3.00 3.10 3.40 3.30 3.60 3.10 
GAnimal in heat 
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Table 31. Dry matter consumed as grain during the experi­
mental period 
Cow Date on Weeks after parturition 
no. experiment 9+10 11+12 13+14 15+16 17+18 19+20 
Holstein (Total consumption during 2-week periods, lbs) 
3432 12-13 -56 98-6 106.2 104. 1 99. ,9 97. ,6 96. ,2 
3921 2-26 -57 75. 0 72.5 78. ,0 74. ,9 71. 1 66. 8 
3911 12-11 -56 90. ,3 87.3 79. 2 77. 1 76. 7 74. ,9 
3469 3-11 -57 183. 6 189.4 188. 2 188. ,8 189. 4 184. 8 
3908 3- 6 -57 165. 0 162.0 160. 8 159. 1 157. 6 154. 3 
3880 2—28 -57 141. 9 139.5 138. 8 137. 5 135. 7 133. 6 
3794 2-15 -57 171. 7 264.0 260. 3 257. 9 254. 5 249. 2 
2982 3-11 -57 245. 4 240.6 237. 2 235. 1 235. 2 229. 9 
3170 12-31 -56 225. 9 221.7 219. 2 218. 2 215. 5 212. 6 
3444 1- 3 -57 347. 0 343.5 339. 8 337. 4 331. 9 327. 0 
3722 2-21 -57 301. 5 314.8 310. 6 306. 8 305. 4 298. 9 
3641 12-18 -56 276. 6 286.8 283. 8 281. 2 278. 9 274. 6 
3795 11-28 -57 104. 9 103.0 101. 8 100. 1 99. 0 93. 0 
3911 11-21 -57 92. 5 91.9 90. 6 90. 0 88. 0 89. 2 
4010 11-21 -57 82. 7 82.0 82. 0 80. 8 79. 4 78. 2 
4073 1- 2 -58 189. 1 176.1 177. 3 175. 7 173. 0 157. 6 
3170 1-16 -58 177. 5 171.5 170. 0 168. 8 166. 3 165. 5 
4024 1- 2 -58 146. 9 139.7 138. 2 137. 0 135. 1 132. 9 
4055 2— 6 -58 264. 2 265.2 261. 9 259. 9 259. 7 254. 4 
2963 11-21 -57 244. 3 241.2 238. 8 237. 5 231. 6 228. 0 
4054 12-19 -57 209. 8 205.9 202. 4 201. 2 198. 7 195. 4 
4082 10-31 -58 333. 9 343.1 336. 9 333. 9 330. 0 322. 2 
4045 1-23 -58 313. 6 308.1 305. 6 303. 2 300. 6 296. 6 
4093 2— 6 • -58 270. 0 271.4 268. 5 239. 0 265. 5 261. 8 
3911 11- 6 -58 88. 1 73.1 81. 2 81. 0 81. 0 80. 0 
3958 11-14 -58 85. 0 76.4 76. 2 76. 0 75. 5 75. 0 
4139 11- 6 -58 67. 2 61.0 74. 5 73. 6 71. 1 70. 8 
4204 11-27 -58 175. 7 173.2 172. 2 170. 0 164. 7 162. 8 
4055 1- 8 -59 171. 1 165.4 163. 7 162. 5 160. 6 157. 2 
4045 1-15 -59 149. 9 144.1 142. 8 138. 2 136. 2 133. 8 
3170 12-25 -58 286. 3 277.8 274. 0 271. 8 268. 2 263. 4 
4142 11-14 -58 232. 7 235.2 229. 2 226. 5 222. 3 217. 8 
4024 1-22 -59 205. 1 203.6 200. 8 198. 7 195. 6 193. 4 
3795 12-11 -58 355. 7 348.9 342. 7 336. 5 332. 3 327. 4 
3493 11-27 -58 320. 2 313.9 310. 2 305. 9 299. 8 294. 8 
4054 1-22 -59 270. 8 272.9 270. 4 268. 2 264. 7 261. 3 
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Table 31. (Continued) 
Cow Date on Weeks after parturition 
no. experiment 9+10 11+12 13+14 15+16 17+18 19+20 
Brown Swiss (Total consumption during 2-week periods, lbs) 
4156 11 -27 -58 91. 1 78. 6 78. 4 78. 0 77. 6 77. 6 
3454 3 - 5 -57 91. 8 86. 5 92. 0 90. 6 90. 1 86. 8 
4033 11 -27 -58 81. 4 81. 7 80. 4 79. 8 77. 6 77. 0 
3536 12 -31 -56 185. 7 182. 7 180. 3 179. 1 176. 5 173. 6 
3628 1 -31 -57 169. 8 167. 5 165. 6 164. 4 162. 6 160. 2 
3659 1 -31 -57 148. 0 145. 6 144. 3 142. 5 141. 9 140. 1 
4009 12 -26 -57 269. 6 264. 0 259. 4 257. 4 253. 8 249. 2 
3141 1 -18 -57 225. 0 249. 7 247. 9 246. 6 244. 8 236. 5 
3659 2 -13 -53 208. 6 207. 0 205. 5 205. 3 202. 6 199. 9 
3536 1 - 2--58 357. 1 347. 3 343. 8 340. 7 335. 7 329. 9 
3141 1 - 9 -58 326. 8 328. 9 325. 4 322. 9 318. 6 319. 1 
3459 11 -28 -57 293. 6 290. 0 287. 5 284. 4 279. 4 275. 1 
Table 32. Dry matter consumed as hay during experimental 
period 
Cow Date on Weeks after parturition 
no. experiment 9+10 11+12 13+14 15+16 17+18 19+20 
Holstein (Total consumption during two-week periods,lbs) 
3432 12 -13 -56 508. 4 537. 6 512. 3 511. 7 491. 4 491. 8 
3921 2 -26 -57 346. 4 367. 6 391. 0 374. 9 360. 8 339. 4 
3911 12 -11 -56 407. 0 401. 0 396. 0 393. 0 389. 2 382. 4 
3469 3 -11 -57 382. 3 393. 1 391. 9 386. 5 388. 4 378. 6 
3908 3 - 6 -57 343. 1 337. 1 334. 1 330. 2 327. 8 322. 0 
3880 2 -28 -57 295. 6 290. 8 289. 6 284. 5 281. 0 277. 9 
3794 2 -15 -57 261. 6 241. 7 238. 0 236. 3 233. 1 228. 4 
2982 3 -11 -57 224. 5 220. 3 217. 7 215. 5 215. 0 210. 4 
3170 12 -31 -56 206. 5 203. 6 201. 7 200. 0 198. 6 195. 7 
3444 1- 3 -57 111. 0 102. 9 101. 7 101. 1 99. 9 98. 1 
3722 2- 21 -57 131. 5 95. 4 93. 3 91. 8 92. 0 89. 9 
3641 12 -18 -56 101. 0 85. 5 85. 5 84. 3 84. 3 82. 5 
3795 11 -28 -57 568. 6 555. 9 546. 5 546. 6 536. 4 508. 5 
3911 11 -21 -57 535. 7 494. 0 489. 5 485. 2 479. 2 488. 8 
4010 11 -21 -57 455. 6 445. 9 440. 6 434. 2 426. 4 424. 5 
4073 1 - 2 -58 400. 1 396. 5 390. 3 385. 9 384. 9 357. 4 
3170 1 -16 -58 383. 7 378. 7 371. 3 370. 8 375. 2 368. 7 
4024 1 - 2 -58 326. 7 309. 0 303. 5 301. 2 299. 8 304. 3 
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Table 32. (Continued) 
Cow Date on Weeks after parturition 
no. experiment g+io 11+12 13+14 15+16 17+18 19+20 
Holstein (Total consumption during 2-week periods, lbs) 
4055 2- 6 -58 260. 3 258. 7 256. 0 258. 9 255. 1 255. ,7 
2963 11-21 -57 242. 7 232. 9 231. 4 228. 5 226. 1 222. 2 
4054 12-19 -57 203. 0 198. 7 197. 7 195. 3 192. 3 191. 1 
4082 10-31 -58 124. 2 109. 7 108. 3 108. 3 106. 2 102. 7 
4045 1-23 -58 100. 1 97. 9 97. 8 96. 8 97. 6 95. 3 
4093 2- 6 -58 104. 6 87. 2 86. 9 74. 9 86. 4 85. 9 
3911 11- 6 -58 484. 0 413. 9 453. 0 452. 3 448. 2 445. 1 
3958 11-14 -58 417. 8 417. 9 418. 9 415. 2 410. 1 420. 1 
4139 11- 6 -58 377. 5 334. 7 409. 3 402. 7 394. 4 397. 1 
4204 11-27 -58 390. 9 388. 5 382. 7 373. 6 378. 6 364. 9 
4055 1- 8 -59 367. 5 375. 7 365. 1 363. 7 360. 1 354. 3 
4045 1-15 -59 329. 7 324. 7 322. 7 312. 4 306. 0 304. 8 
3170 12-25 -58 280. 7 270. 5 274. 4 268. 1 265. 7 261. 9 
4142 11-14 -58 227. 1 230. 6 225. 6 221. 7 216. 8 216. 1 
4024 1-22 -59 205. 8 200. 7 198. 6 197. 3 194. 3 195. 3 
3795 12-11 -58 114. 5 111. 4 109. 0 108. 9 107. 2 106. 3 
3493 11-27 -58 103. 3 101. 6 99. '6 97. 6 97. 7 95. 3 
4054 1-22 -59 107. 2 89. 0 88. 6 88. 1 85. 8 85. 6 
Brown Swiss 
4156 11-27 -58 506. 6 447. 0 443. 0 437. 4 448. 2 440. 6 
3454 3- 5 -57 472. 4 440. 7 467. 7 462. 2 485. 1 443. 8 
4033 11-27 -58 451. 6 ' 447. 4 438. 0 431. 0 434. 3 421. 3 
3536 12-31 -56 386. 5 379. 3 375. 0 372. 3 367. 0 360. 0 
3628 1-31 -57 353. 4 347. 3 344. 9 341. 9 337. 1 332. 4 
3659 1-31 -57 307. 6 302. 8 299. 8 297. 4 295. 0 289. 6 
4009 12-26 -57 260. 3 257. 0 254. 9 249. 2 247. 2 244. 2 
3141 1-18 -57 243. 0 228. 8 227. 0 225. 8 223. 9 215. 7 
3659 2-13' -58 213. 7 202. 7 205. 6 201. 1 202. 9 200. 2 
3536 1- 2--58 112. 1 109. 7 110. 0 107. 1 107. 6 107. 3 
3141 1- 9--58 125. 4 105. 1 102. 6 103. 3 103. 2 103. 4 
3459 11-28--57 93. 5 91. 9 90. 2 90. 9 88. 6 87. 2 
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Table 33. Dry matter (hay) not consumed (weigh-back) 
during the experimental period 
Cow Weeks after parturition 
no. Ration3 9+TD 11+12 13+14 15+16 17+18 19+20 
(Total weigh-back during two-week period, lbs) 
1956-•57 Holstein 
3432 7 5:2 5H 7.0 8.1 0.8 10.8 14.6 3.4 
3921 75:25M 9.8 2.2 8.2 18.1 12.0 4.3 
3911 75:25! 0.9 0.4 
3469 55:45H 11.2 6.4 3.9 10.4 2.6 
3908 55:45M 2.6 
3794 35:65H 0.4 0.4 
2982 35:65M 4.7 
1957-58 Holstein 
3795 75:25H 152.6 115.6 101.0 94.1 75.7 18.8 
3911 75:25M 52.7 76.2 62.6 66.0 65.7 45.3 
4010 75:25! 11.7 33.6 3.4 46.9 25.6 25.7 
4073 55:45M 17.9 7.7 12.8 5.9 6.9 18.4 
3170 55:45M 3.4 1.7 1.7 7.3 2.6 
4024 55:45! 30.7 24.0 18.8 3.4 14.6 2.6 
2963 35:65M 3.4 6.0 3.4 7.7 9.4 10.3 
1958-59 Holstein 
3911 75:25H 80.1 36.4 22.5 26.0 24.8 21.3 
3958 75:25M 27.6 19.9 1.7 10.4 6.0 
4139 75:25! 63.5 14.7 35.8 30.2 59.2 61.5 
4204 5 5:4 5H 47.7 30.5 22.4 19.6 35.7 11.6 
3170 3 5:6 5H 7.8 4.3 2.6 5.2 9.5 5.2 
4142 35:65M 38.0 8.7 6.5 1.7 
4024 35:65! 1.7 
4082 15:85H 3.1 
Brown Swiss 
4156 75:25H 81.6 47.8 68.1 51.1 42.8 45.4 
3454 75:25M 22.8 10.3 19.7 9.3 10.5 17.3 
4033 75:25! 20.8 39.0 52.6 34.1 45.3 31.7 
3536 55:45H 12.6 6.9 9.0 2.9 10.7 9.4 
3628 55:45M 0.4 
3659 55:45! 1.3 
3141 35:65M 2.6 
aFirst figure is percent of energy furnished as hay; 
second figure is percent energy furnished as concentrates. 
H=high feeding level, M=medium, L=low. 
